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GEOMETRICAL     DRAWING. 

GENERAL  DIRECTIONS  TO   TEACHER   AND  PUPIL. 
FOR   THE   TEACHER. 

THE    INSTRUMENTS    AND    THEIR    USE. 
The  accuracy  of  Geometrical  Drawing  depends  on  the  care  used  both  in 


working  with  the  compasses,  describing  arcs,  and  in  the  ruling  of  straight 
lines  through  points  of  intersection.  Before  commencing  a  lesson  the  teacher 
should  therefore  see  that  the  compass-pencils  and  drawing-pencils  of  the  pupils 
are  :is  sharply  pointed  as  possible. 

The  Patent  American  Square  (see  cut  in  next  column),  arranged  with 
several  scales  and  containing  a  protractor,  having  been  prepared  by  the  author 
for  the  special  purpo>c  of  Geometrical,  Perspective,  and  Mechanical  Drawing 
as  taught  in  this  course,  is  recommeuded  to  the  notice  of  teachers.  It  can 
be  obtained  of  the  Publishers  of  these  books. 

In  using  the  American  Square  for  Geometrical  Drawing  it  should  be  treated 
simply  as  a  ruler  and  scale,  not  as  a  protractor.  When  a  problem  involving 
the  measurement  of  angles  is  given,  the  work  must  be  done  as  directed  in  the 
text;  but  if  it  be  required  to  test  the  accuracy  of  the  work,  i.  c.  whether  an 
angle  which  should  contain  a  required  number  of  degrees  does  really  contain 
that  number  or  not,  then  the  protractor  may  be  used  as  a  test  of  the  accuracy 
of  the  work.  Nor  are  the  angles  of  the  square  to  be  used  for  making  the 
angles  of  90°  or  4?°,  in  geometrical  drawing.  A  problem  must  explain  itself 
and  prove  itself  by  the  process  of  its  working,  and  nothing  is  assumed  to  be 
accurate  unless  the  means  for  securing  accuracy  arc  displayed. 

The  compasses  must  be  held  by  the  head,  with  the  thumb  and  first  two 
fingers,  the  legs  being  untouched  by  the  fingers. 

The  pupils  should  be  taught  to  bear  very  lightly  on  the  pencil-leg  of  the 
compasses,  and  to  strike  circles  or  arcs  from  the  fingers,  and  not  from  the 
wrist.  The  pencil  should  be  held  nearly  upright  in  ruling  lines,  and  its  point 
should  be  like  the  point  of  a  screw-driver,  not  conical  as  for  free-hand  draw- 
ing; this  applies  also  to  the  compass-pencil. 

The  illustration  of  pencil-points,  compasses,  and  square  will  show  how 
the  points  are  to  be  made,  and  the  kind  of  compasses  and  ruler  recom- 
mended. In  Geometrical  Drawing  the  teacher  should  insist  on  practical 
accuracy  of  result  from  the  first,  and  as  the  mechanical  means  for  obtaining 
it  are  in  the  hands  of  the  pupil,  it  is  merely  a  question  of  teaching  and  habit 
whether  the  Problems  be  accurately  or  inaccurately  done. 

The  teacher  should  insist,  from  the  first,  that  all  points  be  figured  as  obtained, 
and  every  point  used  be  distinguished  by  a  separate  letter  or  numeral. 

THE    EXERCISES    AND    THE    METHOD    OF    "WORKING    THEM. 

A  page  of  this  book  will  be  sufficient  for  half  an  hour's  lesson.  The  teacher 
should  work  each  Problem  carefully  on  the  blackboard,  as  large  as  possible, 
the  result  lines  being  twice  as  thick  as  the  conditional  and  working  lines, 
and  the  pupils  should  work  with  him,  drawing  in  their  books. 

It  will  be  found  advisable  to  give  occasional  lessons  as  exercises  of  the  mem- 
ory; i.  c.  instead  of  giving  fresh  Problems,  to  write  down  the  statements  of 
Problems  given  at  previous  lessons,  and  allow  the  pupils  to  work  them  from 
memory,  without  the  as>i>-iancc  of  diagrams. 


The  blank  pages  are  intended  for  the  memory  exercises, 
the  Problems  to  be  dictated  by  the  teacher,  and  written  by  the 
pupils  in_lhe_space  used  for  the  enunciation  and  description  in  the 
printed  part  of  the  book-  The  Problem  is  then  to  be  worked  en- 
tirely from  memory  in  the  space  allotted.  The  pupil"  is  not  to  be 
allowed  to  refer  back  to  the  Problem  already  worked  in  the  book, 
but  the  teacher  may  give  notice  to  the  class  that  the  next  mem- 
ory lesson  will  be  certain  Problems,  naming  them,  in  order  to 
give  the  pupils  an  opportunity  to  refresh  their  memories  a  day  or 
two  before  the  exercise. 

There  are  thirty-six  Problems  in  each  book,  so  that  a  selection 
should  be  made  by  the  teacher  of  the  most  difficult  or  improving 
Problems  in  the  thirty-six,  for  repetition  as  memory  lessons. 

The  Problems  may  be  worked  by  pupils  either  the  same  size 
as  the  copy  or  larger  or  smaller  than  it,  according  to  the  direc- 
tions of  the  teacher,  which  should  be  stated  at  first.  But  the 
pupils  must  be  taught  that  they  arc  working  from  the  board,  and 
that  the  printed  diagrams  in  their  books  arc  to  show  them  how  to 
finish  their  work  only,  size  being  of  no  importance  to  the  accu- 
racy of  their  drawing. 


Scale  of  £,  i,  i,  of  an  Inch. 


FOB   THE    PUPILS. 

A  worked  Problem  in  Geometrical  Drawing  may  be  divided,  for  conven- 
ience, into  three  parts: 

1st.  The  conditions; 

2d.  The  working; 

3d.  The  result. 
Thus,  in  Problem  b,  which  is  "  To  erect  a  perpendicular  to  a  given  line  A  B,  at 
its  extremity,"  the  given  line  A  B  and  its  extremity  B  arc  the  conditions,  the 
first  part ;  the  dotted  lines,  the  arcs  described,  arc  the  working  by  which  the 
result  is  obtained,  and  are  the  second  part ;  and  the  perpendicular  itself,  B,  is 
the  result,  or  the  third  part. 

To  distinguish  these  separate  features  is  very  necessary  for  a  clear  under- 
standing of  a  Problem,  and  to  facilitate  this  three  distinct  kinds  of  lines  are 
employed  in  the  illustrations: 

The  first,  or  conditions,  being  the  thin  lines 

The  second,  or  working  lines,  being  dotted  lines 

The  third,  or  result  lines,  being  thick  Hues  .  ■  — 

so  with  a  single  glance  at  the  illustration  the  pupil  may  sec,  1st,  what  has 
to  be  done ;  2d,  how  it  has  been  done ;  3d,  the  figure  when  done. 

When  working  from  the  blackboard,  the  pupil  need  make  no  difference 
between  the  conditional  lines  and  the  working  lines,  but  the  result  lines  should 
be  made  darker  than  the  others. 

It  will  be  seen,  by  referring  to  the  illustrations,  that  both  letters  and  nu- 
merals arc  used  in  the  description;  this  is  also  to  help  make  the  Problems 
more  intelligible.  The  letters  arc  used  for  points  in  the  conditions  and  results, 
the  numerals  in  the  working.  When  points  in  the  working  will  form  part  of 
the  description  of  the  result,  then  letters  are  used ;  but  when  it  is  necessary 
to  use  points  in  the  working  which  form  no  part  of  the  result,  then  numerals 
arc  used.  The  numerals  may  also  assist  in  showing  how  the  work  is  done, 
by  indicating  the  steps  taken :  thus,  point  1  will  be  the  first  point  in  the  work- 
ing, cither  assumed  or  obtained  ;  point  2  will  be  a  consequence  of  the  use  of 
point  1  ;  the  point  3  will  result  from  the  use  of  2  ;  and  so  on. 

The  pupil  will  follow  his  teacher's  directions  as  to  making  the  problem 
worked  the  same  size,  or  larger  or  smaller  than  the  copy  in  the  book,  but  the 
diagram  is  never  to  be  measured,  unless  the  order  be  given  to  work  it  exactly 
the  size  of  the  copy.  The  conditions  or  given  lines  may  then  be  measured  with 
the  ruler,  to  ascertain  their  exact  dimensions ;  but  the  working  lines  are  not  to 
be  measured;  but  made  in  any  proportion  that  will  give  accurate  results. 

In  working  the  Problems,  let  the  working  lines,  such  as  the  intersecting  area, 
be  made  with  as  long  a  radius  as  the  Problem  will  permit,  and  the  intersec- 
tions be  as  much  as  possible  at  right  angles : 


thns 


X 


(Fig.  l.)     not  thus 


Tho  noint  of  intersection  in  Fig.  1  h  more  distinctly  marked  than  in  Fig. 
2,  ana  the  work  depending  on  it  will  be  likely,  therefore,  to  be  more  accurate. 


Lines  and  Angles. 

Definition  1.  The  term  point  is  used  to  indi- 
cate position. 

The  dot  at  A,  the  end  of  a  line,  or  the  place 
where  two  lines  intersect,  is  called  a  point.  The 
lines  1  2  and  3  4  cross  or  intersect  each  other  in 
point  B.  Draw  lines  of  different  lengths  inter- 
secting each  other  in  points. 


Links. 

A  line  is  usually  described  by  two  letters,  as  the 
line  AB;  or  by  two  figures,  as  1  2  in  the  previous 
example. 

Def.  2.  A  right  or  straight  line,  like  A  B,  is  the 
shortest  Hue  that  can  be  drawn  between  two 
points.  It  is  a  line  which  maintains  the  same 
direction  throughout  its  entire  length. 


Def.  3.  A  curced  line,  like  C  D,  is  one  which 
changes  its  direction  at  every  point. 

Draw  straight  and  curved  lines  in  several  direc- 
tions. 

Def.  4.  Parallel  lines  are  lines,  like  E  F  and 
GH,  which  are  everywhere  equally  distant  from 
each  other,  and  which  therefore,  if  continued,  can 
never  meet.     Concentric  circles,  or  parts  of  them, 


like  I  J  or  K  L  are  also  described  as  being  par- 
allel.    Copy  both  illustrations. 

Angles. 
Def.  5.    An  angle  is  the  difference  in  the  direc- 
tion of  two  straight  lines.     The  angle  B  A  C  is 
formed  by  the  lines  B  A  and  C  A  meeting  in  the 
point  A.     Draw  several  angles. 


Angles. 
Def.  6.   There  are  three  kinds  of    angles:    1. 
Right  angles;  2.   Obtuse  angles;   3.  Acute  angles. 
Draw  each  of  these  twice. 

Def.  7.  When  two  straight  lines  meet  so  as  to 
make  the  two  adjacent  angles  equal,  the  angles  are 
called  right  angles,  and  the  lines  are  said  to  be 


perpendicular  to  each  other.  Thus,  the  line  A  B 
standing  on  the  line  C  D  makes  two  equal  angles, 
ABC  and  A  B  D ;  hence  each  of  the  angles 
is  called  a  right  angle,  and  the  line  A  B  is  said 
to  be  perpendicular  to  C  D,  and  C  D  to  A  B. 

Draw  two  right  angles,  one  pair  with  a  vertical 
and  a  horizontal  line,  and  another  pair  with  ob- 
lique lines. 


OBTUSE  ANGLE. 


RIGHT    ANGLE. 


ACUTE  ANGLE. 


RIGHT  ANGLES. 


Def.  8.  An  obtuse  angle,  as  D  E  F,  is  one 
which  is  greater  than  a  light  angle,  as  G  E  F. 

First  draw  the  right  angle  G  E  F,  and  then  the 
obtuse  angle  DEF. 


AN   OBTUSE  ANGlE. 


Def.  9.    An  acute  angle,  as  H  I  J,  is  one  which 
is  less  than  a  right  angle,  as  K  I  J. 

Draw  K  I  J  first,  and  then   the   acute    ano-le 

HIJ. 


AN   ACUTE  ANGLE. 


Triangles. 
■     Def.  10.   A  figure  having  three  sides  and  three 
angles  is  called  a  triangle.     Three  triangles  are 
named  from   the   character  of  their  angles,  and 
three  from  the  proportion  of  their  sides. 

The  triangles  named  from  the  character  of  their 
angles,  are  the  ones  described  in  definitions  11, 
I2°1S. 


Def.  11,  A  right-angled  triangle,  as  A  B  C,  has 
one  of  its  angles  a  right  angle,  B- 

Draw  two  right-angled  triangles  unlike  the  ex- 
ample, and  write  the  names  of  then*  lines  upon 
them. 

Def.  12.  An  obtuse-angled  triangle,  as  D  E  F, 
has  one  of  its  angles  an  obtuse  angle,  E. 

Draw  two  obtuse-angled  triangles. 


Def.  13.  An  acute-angled  triangle,  as  G  H  I, 
has  all  its  angles  acute  angles,  as  G  and  H  and 
I. 

Draw  two  triangles,  each  having  its  three  an- 
gles acute. 

The   triangles   named  from    the  proportion  of 


their  sides,  are  the  ones  described  in  definitions 
14,  15,  16. 

Def.  14.  An  equilateral  triangle,  as  J  K  L,  has 
its  three  sides  equal. 

Draw  two  triangles  of  different  size,  each  hav- 
ing three  equal  sides. 


RIGHT-ANGLED  TRIANGLE. 


OBTUSE-  ANGLED'.-TRI  ANGLE. 


ACUTE-ANGLED  TRIANGLE. 


EQUILATERAL  TRIANGLE 


Triangles. 

Def.  15.  An  isosceles  triangle,  as  ABC,  has 
two  of  its  sides  equal.  The  third  side  B  C  is 
called  its  base. 

Draw  two  isosceles  triangles,  and  write  the 
names  of  their  parts  upon  thera. 


Def.  1G.  A  scalene  triangle  has  no  two  of  its 
sides  equal. 

Draw  two  scalene  triangles  of  different  forms 
and  sizes. 

Def.  17.  The  three  lines  forming  a  triangle 
are  usually  described  as  the  base  and  two  sides. 
The  base  is  the  side  on  which  the  triangle  is  sup- 


ISOSCELES   TRIANGLE. 


-0STO^ 


SCALENE  TRIANGLE. 


posed  to  rest.  Thus,  in  the  triangle  A  B  C,  B  C 
is  the  base,  and  A  C  and  A  B  the  two  sides.  The 
angle  at  point  A,  opposite  the  base,  is  called  the 
vertical  angle :  the  other  two  angles  at  points  B 
and  C  are  called  the  angles  at  the  Ijase. 

Draw  two  triangles,  one  similar'  to  A  B  C,  and 
one  of  any  other  shape,  and  write  the  names  of 
the  lines  upon  them. 


ANGLE  AT 
THE  BASE. 


ANGLE  AT 
THE  BASE. 


Def.  18.  The  altitude  or  Jitight  of  a  triangle  is 
the  distance  A  D  from  the  vertical  angle  A  to  the 
base  B  C,  or  the  base  produced.  It  is  obtained  by 
drawing  a  straight  line  from  the  vertical  ann-le 
until  it  cuts  the  base  at  right  angles,  or  the  base 
produced. 

Draw  two  triangles  of  different  shapes  from  the 
one  below  ;  and  then  draw  their  altitudes. 


Quadrilaterals,  or  Four-sided  Figures. 
A  fio-ure  of  four  sides  and  four  angles  is  called 
a  quadrilateral  or  quadrangle.  There  are  six 
quadrilaterals,  four  of  which  are  also  called  par- 
allelograms. A  parallelogram  has  its  opposite 
sides  parallel  and  equal.  The  names  of  the  four 
different  parallelograms  are  given  in  definitions 
19,  20,  21,  22. 


Def.  19.  A  square,  as  A  B  C  D,  has  four  equal 
sides,  and  all  its  angles  are  right  angles. 

Draw  a  square. 

Def.  20.  An  oblong  or  rectangle,  as  E  F  G  H, 
has  its  opposite  sides  only  equal  and  parallel,  and 
all  its  angles  right  angles. 


Draw  an  oblong  similar  to  I  K  L  M,  and  an- 
other of  different  proportions. 

Def.  21.  A  rhombus,  as  A  B  C  D,  has  four 
equal  sides,  but  its  angles  are  not  right  angles. 

Draw  one  similar  to  A  B  C  D,  and  another  lean- 
ing to  the  left. 


Def.  22.  A  rhomboid,  as  N  O  P  Q,  has  its  op- 
posite sides  equal  and  parallel,  but  its  angles  are 
not  right  angles. 

Draw  two  rhomboids,  one  like  the  copy,  the 
other  of  any  different  form. 


OBLONG. 


Quadrilaterals. 

The  quadrilaterals  which  are  not  parallelograms 
are  the  ones  named  in  definitions  23  and  24. 

Def.  23.  A  trapezium,  as  A  B  C  D,  is  a  figure 
having  four  sides,  no  two  of  which  arc  parallel. 

Draw  two  trapeziums  of  different  forms. 


Def.  24.  A  trapezoid  is  a  figure  having  four 
sides,  two  only  of  which  are  parallel. 

Draw  one  trapezoid  similar  to  the  copy,  and  an- 
other of  different  shape. 

Polygons. 
Figures  having  more  than  four  sides  are  called 
polygons.     Different  kinds  are  described  in  defi- 
nitions 25,  26,  27. 


Def.  25.  A  regular  polygon,  as  A  B  C  D  E  F, 
has  all  its  sides  and  all  its  angles  equal. 

Draw  a  regular  polygon. 

Def.  26.  An  irregular  polygon,  as  AB  C  D  EF, 
has  its  sides  or  angles  unequal. 

Def.  27.  A  polygon  having  five  sides  is  called 
a  pentagon. 

A  polygon  having  six  sides  is  called  a  hexagon. 

A  polygon  having  7  sides  is  called  a  heptagon. 


A  polygon  having  eight  sides  is  called  an  octagon.  , 
A  polygon  having  nine  sides  is  called  a  nonagon.  \ 
A  polygon  having  ten  sides  is  called  a  decagon.  I 
A  polygon  having  eleven  sides  is  called  an  un-  i 

decagon. 

A  polygon  having  twelve  sides  is  called  a  duo-  ! 

decagon. 

Draw  an  irregular  polygon  like  the  copy,  and  | 

another  of  a  different  shape  below  it. 


TRAPEZIUM. 


REGULAR  POLYGON. 


IRREGULAR   POLYGON. 


Geom —  6 


The  Circle. 

Def.  28.  A  circle,  as  A  B  D,  is  a  plane  figure 
bounded  by  one  curved  line  called  the  circumfer- 
ence, every  part  of  which  is  equally  distant  from 
a  point  C  -within,  called  the  centre. 

Draw  a  circle,  and  write  the  words  "  centre  " 
and  "  circumference,"  as  shown  in  the  copy. 


Def.  29.  A  diameter,  as  A  B,  is  a  straight  line 
drawn  through  the  centre  of  the  circle,  and  termi- 
nated at  each  end  by  the  circumference. 

Def.  SO.  A  radius,  as  C  D,  is  a  straight  line 
drawn  from  the  centre  to  the  circumference. 

Draw  a  circle,  its  diameter  and  radius. 


Def.  31.  An  arc,  as  A  B  C,  is  a  portion  of  a 
circumference ;  and  a  chord,  as  A  .C,  is  a  straight 
line  joining  the  extremities  of  an  arc. 

Def.  32.  A  semicircle,  as  D  E  F,  is  half  a  cir- 
cle bounded  by  half  the  circumference  and  diam- 
eter. 

Draw  a  chord,  an  arc,  and  a  semicircle. 


Def.  33.  A  quadrant,  as  A  B  C,  is  one  quarter 
of  a  circle  bounded  by  two  radii,  as  A  C  and  B  C, 
and  by  one  quarter  of  the  circumference.  In  a 
quadrant  the  two  radii  form  a  right  angle. 

Def.  34.  A  sector  is  a  portion  of  a  circle  con- 
tained by  two  radii  and  a  part  of  the  circumfer- 
ence.    Thus  D  C  E  and  F  C  G  are  both  sectors. 

Copy  the  diagram. 


The  Circle. 

Def.  35.  A  tangent,  as  A  B,  is  a  straight  line 
■which  touches  the  circumference  of  a  circle,  but 
does  not  cut  it. 

A  tangent  is  always  at  right  angles  to  a  radius, 
as  D  C,  drawn  from  the  point  of  contact  D. 

Draw  a  circle  and  two  tangents  to  it. 


Def.  36.  A  diar/onal  of  a  quadrilateral  or  four- 
sided  ficrure  is  a  line  joining  opposite  angles,  as 
A  B. 

Def.  37.  A  diameter  of  a  parallelogram  is  a 
line  drawn  through  the  centre  of  the  figure,  and 
parallel  to  two  of  its  sides,  as  C  D. 

Draw  a  square,  its  diameter  and  diagonals. 


JURA'S; 


Def.  3S.  One  right-line  figure  is  said  to  be  in- 
scribed within  another,  when  the  vertices  of  all  the 
angles  of  the  inscribed  figure  are  in  the  sides  of 
the  figure  in  which  it  is  inscribed,  as  A  BCD. 

Def.  39.  A  right-line  figure  is  said  to  be  in- 
scribed in  a  circle,  when  all  the  vertices  of  the 
angles  of  the  right-line  figure  are  in  the  circum- 
ference of  the  circle,'as  EF  G  H. 

Copy  the  diagrams  on  a  larger  scale. 


Def.  40.    A  circle  is  said  to  be  described  about 
a  right-line  figure,  when  it  passes  through  the  ver-  | 
tices  of  all  the  angles  of  the  right-line  figure,  as 
ABC,  about  whien  it  is  described. 

Def.  41.  A  right-line  figure  is  said  to  be  de- 
scribed about  a  circle,  when  each  side  of  the  right- 
line  figure  touches,  without  cutting,  the  circumfer- 
ence of  the  circle,  as  D  E  F. 

Copy  the  diagrams. 


Frob.  1.  —  To  bisect  a  given  straight  line,  A  B. 

With  A  as  centre,  and  any  radius  greater  than  half  A  B,  describe 
an  arc ;  with  B  as  centre,  and  the  same  radius,  intersect  the  arc  in  1 
and  2  ■  from  1  draw  a  right  line  to  2,  and  it  will  bisect  A  B  in  C. 


Prob.  1.  —  To  bisect  an  arc  of  a  circle. 
Same  method  as  in  previous  exercise. 


Prob.  2.  —  At  point  C  in  a  given  line  A  B  to  draw  a  line  perpen- 
dicular to  it. 

With  C  as  centre,  and  any  radius,  cut  the  line  A  B  in  points  1  and 
2 ;  with  1  as  centre,  and  a  longer  radius,  describe  an  arc  above  C  ; 
with  2  as  centre,  and  with  the  same  radius  as  at  1,  cut  the  arc  in 
point  3.     Draw  3  C,  which  is  the  required  perpendicular. 
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Prob.  3.  —  From  any  point  C  outside  and  opposite  a  given  line  A 
B  to  draw  a  line  perpendicular  to  A  B. 

With  C  as  centre,  and  any  radius  that  will  cut  A  B,  describe  an 
arc  intersecting;  A  B  in  points  1  and  2.  With  1  and  2  as  centres, 
and  any  radius  greater  than  half  1  2,  describe  arcs  intersecting  in  3. 
Draw  C  3,  the  perpendicular  required. 


Prob.  4.  —  To  draw  a  line  perpendicular  to  a  given  line  A  B  from 
a  point  C  nearly  or  quite  over  the  extremity  o/AB. 

From  the  point  C  draw  a  straight  line  to  any  point,  as  1  in  A  B  ; 
bisect  the  line  C  1  in  point  2  ;  with  2  as  centre,  and  2  1  as  radius, 
describe  an  arc  cutting  A  B  in  point  3.  Draw  the  line  C  3.  which 
will  be  the  required  perpendicular. 


Prob.  5.  —  To  erect  a  perpendicular  at  the  extremity  of  a  given  line 
AB. 

WithB  as  centre,  and  any  radius,  as  B  1,  describe  an  arc  cutting 
A  B  in  1  ;  with  1  as  centre,  and  the  same  radius,  describe  another 
arc  intersecting  the  first  in  2 ;  with  2  as  centre,  same  radius,  describe 
an  arc  over  B  ;  draw  a  line  from  1  through  2  to  intersect  the  last  arc 
in  3.     Draw  a  line  3  B,  which  is  the  required  perpendicular. 
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Prob.  5.  —  Second  Method. 

With  B  as  centre,  and  any  radius,  describe  an  arc,  cutting  A  B,  as 
in  1;  with  centre  1,  same  radius,  cut  the  arc  in  2;  with  centre  2, 
same  radius,  cut  it  again  in  3  ;  with  centre  3,  same  radius,  describe 
an  arc  from  2  to  cut  the  last  arc  in  4.  Draw  4  B,  the  required  per- 
pendicular. 


Prob.  5.  —  Third  Method. 

Assume  any  point,  1,  as  centre,  and  with  radius  1  B  describe  an 
arc  to  cut  A  B  in  2.  Draw  a  line  from  2  through  1  to  cut  the  arc  in 
3.     Draw  3  B,  the  required  perpendicular. 


Prob.  6.  —  From  two  given  points  C  and  D  to  draw  lines  cutting  a 
given  line  AB  in  the  same  point ;  (1)  ike  lines  from  C  and  D  to  make 
equal  angles  with  AB;  or  (2)  the  lines  from  C  and  D  meeting  A  B  to 
be  of  the  same  length. 

From  C  draw  a  line  C  1  at  right  angles  to  A  B  by  Prob.  3.  Make 
1  2  equal  to  C  1 .  From  D  draw  a  line  to  2,  cutting  A  B  in  G.  Draw 
C  G,  which  meets  A  B  at  the  same  angle  as  D  G.  (2)  Join  C  D 
and  bisect  the  line  at  E  by  Prob.  1.  Produce  the  bisecting  line  to 
cut  A  B  in  F.     Draw  C  F  and  D  F,  which  will  be  ot  equal  length. 


Pjrob.  7.  —  At  a  given  point  B  in  a  line  B  C  to  maJce  an  angle  equal 
to  a  given  angle  A. 

With  A  as  centre,  and  any  r:  dius,  cut  the  sides  of  angle  A  in  points 
1  and  2.  From  centre  B,  same  radius,  describe  an  arc  from  B  C, 
cutting  it  in  3.  Make  3  4  equal  to  2  1  ;  draw  B  4  ;  and  4  B  C  will 
be  the  required  angle. 


Prob.  8.  —  To  bisect  a  given  angle  ABC. 

With  B  as  centre,  and  any  radius,  describe  an  arc  cutting  AB  and 
C  B  in  points  1  and  2  ;  with  the  same  centre,  and  greater  radius,  cut 
the  lines  again  in  3  and  4.  Draw  lines  1  4  and  3  2  cutting  each  other 
in  5  ;  draw  a  line  from  B  through  5.     B  5  bisects  the  angle. 


Prob.  8.  —  Second.  Method. 

With  B  as  centre,  and  any  radius,  cut  the  sides  of  the  angle  in 
points  1  and  2 ;  with  1  and  2  as  centres,  same  radius,  describe  arcs 
intersecting  in  3.     Draw  line  3  B  bisecting  the  angle. 
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THE 


AMERICAN  DRAWING-MODELS 


FOR  THE  USE  OF 


Common  Schools,  Drawing  Classes,  and  Schools  of  Art  and 
Science, 

Manufactured  at  t/ie  Washburn  Machine-Shop,  connected  with  the  Free 
Institute  of  Industrial  Science,  Worcester,  Mass., 

FROM  DESIGNS  BY 

PEOP.   WALTER    SMITH, 

STATE  DIRECTOR  OF  ART  EDUCATION  FOE  MA SSACHD SETTS. 


The  increasing  demand  for  Art  Education,  and  its  general  adoption 
as  a  branch  of  common-school  instruction  by  the  Legislature  of  Massa- 
chusetts, has  rendered  it  necessary  that  a  supply  of  proper  models  with 
which  to  convey  this  instruction  should  be  produced.  The  managers 
of  the  "Worcester  Technical  School,  having  all  the  facilities  for  pro- 
ducing such  works,  and  anxious  to  aid  the  cause  of  Artistic  and  Scien- 
tific Education,  have  obtained  designs  for  a  complete  set  of  models, 
from  Prof.  Walter  Smith,  Director  of  Art  Education  for  the  State 
of  Massachusetts,  whose  position  will  be  a  sufficient  guaranty  of  their 
quality  and  arrangement. 

The  models  are  made  from  the  best  materials,  in  a  perfect  and  work- 
manlike manner;  and  by  reason  of  extensive  machinery  specially  fitted 
up  for  this  work,  the  models  are  produced  with  accuracy,  at  a  much  less 
price  than  would  be  possible  otherwise.  Each  model  being  made  to 
dimensions,  these  sets  are  equally  suited  to  all  kinds  of  Free-Hand, 
Instrumental,  and  Perspective  Drawing. 

Set  No.  1 

Consists  of  thirty  pieces,  selected  from  the  most  useful  and  beau- 
tiful geometrical  figures  and  curved  forms,  and  includes  the 
New  Adjustable  Model-Stand.    Price,  with  box        .        $20 

Set  No.  2 

Consists  of  ten  wooden  vases,  duplicated  from  the  Greek  originals. 
Price,  with  box  ......        $10 

Set  No.  3 

Consists  of  four  large  models  for  lectures  and  instructions  to  classes :  — 

1.  Cube,  fifteen  inches  side. 

2.  Cone,  with  base  twelve  inches,  altitude  eighteen  inches. 

3.  Cylinder,  base  twelve  inches,  altitude  eighteen  inches. 

4.  Hexagonal  Prism,  base  twelve  inches,  length  twenty-four 

inches. 
Price,  with  box  ...  .  SIS 

Set  No.  4 

Is  intended  for  Primary  Schools,  and   consists  of  twelve  pieces, 

which  comprise  thecommon  geometrical  figures.  Price,  with  box  $10 

Tlie  above  prices  are  all  net  prices. 

Messrs.  James  K.  Osgood  &  Co.,  the  Publishers  of  tliese  Books, 
are  the  Sole  Agents  for  these  Models. 


GEOMETRIC  SOLIDS. 
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NAMES  OF  GEOMETRIC  SOLIDS. 

The  names  of  the  geometric  solids  comprised  in  the  American  Draw- 
ing-Models, and  which  are  most  commonly  used  hi  teaching  Model 
Drawing,  are  here  given,  together  with  illustrations  of  the  forms  them- 
selves :  — 

Planes.  —  No.  1,  Circular ;  2,  Triangular ;  3,  Square ;  4,  Hexagonal 

Planes. 
Plinths.  —  No.  5,  Circular  Disk ;   6,  Triangular  Plinth ;  7,  Square 

Plinth ;  8,  Hexagonal  Plinth. 
Prisms.  — No.  9,  Cylinder;  10,  Triangular  Prism;    11,  Rectangular 

Prism,  or  Oblong  Block  (Parallelopipedon) ;  12,  Hexagonal  Prism. 
Pyramids.  —  No.  13,  Cone;   14,  Triangular    Pyramid;    15,  Rect- 
angular or  Right  Pyramid  ;  16,  Hexagonal  Pyramid. 
Other  Solids.  — No.   17,    Sphere;    18,  Frustrum  of  a  Cone;    19, 

Cube ;  20,  Flight  of  four  Steps. 
Frames.  —  No.  21,  Circular  Erame ;    22,  Triangular  Frame;  23, 

Square  Frame  ;  24,  Hexagonal  Frame. 
Various  Solids. —  No.  25,  Cross;  26,  Double  Cross;  27,  Skeleton 

Cube ;  28,  Skeleton  Rectangular  Block. 

DEFINITIONS. 

Planes.  —  A  plane  has  length  and  breadlh,  but  no  thickness. 

The  first  word  describes  the  character  of  the  plane;  thus,  a  circular 
plane,  or  a  hexagonal  plane.  Unless  otherwise  stated,  the  names 
hexagonal,  triangular,  &c.,  refer  to  regular  forms;  i.e.,  to  hexa- 
gons, triangles,  &c.,  having  equal  sides  and  angles. 

Plinths.  —  A  plinth  is  a  cross-section  of  a  prism. 

If  the  length  of  the  axis  of  a  prism  be  shorter  than  its  diameter,  it  is 
commonly,  by  draughtsmen,  described  as  a  plinth.  It  is  simply  a 
slice  cut  from  the  end  of  a  prism. 

Prisms.  —  A  prism  is  a  geometrical  solid  having  two  faces  (ends)  or 
bases  which  are  equal  and  parallel,  and  whose  sides  are  parallelo- 
grams. 
It  is  a  right  prism  when  the  bases  and  sides  are  perpendicular  to  each 
other,  and  an  oblique  prism  when  the  planes  of  the  base  and  sides 
are  not  right  angles.  A  line  from  centre  to  centre  of  each  base  is 
called  the  axis  of  the  prism. 

Pyramids.  —  A  pyramid  is  a  geometrical  solid  having  a  regular 
polygon,  square,  or  triangle  as  its  base,  and  its  sides  composed  of 
triangles  having  a  common  vertex.  A  right  pyramid  has  its  axis 
and  base  perpendicular  to  each  other. 

A  Sphere  is  a  solid  bounded  by  a  curved  surface,  every  point  in 
which  is  equally  distant  from  a  point  within  it,  called  "the  centre. 
It  is  described  by  the  revolution  of  a  semi-circle  on  the  diameter. 

A  Frustum  of  a  Cone  is  that  part  of  the  solid  which  is  cut  off 
by  a  plane  parallel  to  the  base. 

A  Cube  is  a  rectangular  parallelopipedon,  whose  six  faces  are  all 
square  planes. 

A  Flight  of  Steps  (not  a  geometric  solid)  is  composed  of  two  planes, 
vertical  and  horizontal ;  the  first  being  called  the  riser,  and  the  sec- 
ond the  tread. 

Frames.  —  A  Frame,  unless  otherwise  specified,  is  a  regular  geome- 
tric shape  composed  of  prisms,  square  in  the  section  perpendicular 
to  their  axes. 
The  Circular  Frame  is  an  exception  to  this,  though  a  section  made  by 
a  radius  of  its  base  will  be  square  also. 

Various  Solids. 

A  Cross  is  the  intersection  of  two  or  more  similar  prisms. 

A  Double  Cross  is  the  junction  of  two  crosses  having  a  common 

vertical  stem. 
A  Skeleton  Cube  is  composed  of  right  prisms,  square  in  section,  and 

made  into  the  form  of  a  cube. 
A  Skeleton  Rectangular  Block  is  composed  of  ri^ht  prisms,  square 
in  section,  ma'Je  into  the  form  of  a  parallelopipedon. 


THE 


AMERICAN  TEXT -BOOKS  OF  ART  EDUCATION, 


PREPARED    BY 


PROF.    WALTER    SMITH, 


Late  Head  Master  of  the  Leeds  (England)  School  of  Art  and  Science  and  Training  School  for  Art  Teachers;  and  now  Professor  of  Art  Education  in  the  City  of  Boston 
Normal  Art  School ;  General  Supervisor  of  Drawing  in  the  Boston  Public  Schools,  and  State  Director  of  Art  Education 

for  the  Commonwealth  of  Massachusetts. 


This  Series  of  text-books  will  be  completed  during  the  present  year,  and  will  form  a  complete  and 
systematic  course  of  instruction  in  Drawing.  The  whole  series  has  been  prepared  with  special  refer- 
ence to  the  want,  now  so  generally  felt  by  all  educators,  for  some  practical  text-books  on  the  subject  of 
Art  Education,  which  should  embody  principles  and  methods  of  teaching  Drawing  as  a  comprehensive 
and  important  branch  of  study,  and  at  the  same  time  be  adapted  to  use  in  common  schools. 

The  plan  of  the  books  is  the  first  systematic  effort  made  in  this  country  to  cover  the  whole  field  of 
Art  Education  for  schools,  by  embracing  every  subject  included  under  the  head  of  Elementary 
Drawing.  Pupils  going  through  the  course  in  all  the  subjects  will  be  thoroughly  grounded,  and  pre- 
pared either  for  practical  industrial  art  or  the  further  professional  study  of  the  fine  arts. 

The  series  of  books  are  also  specially  adapted  for  pupils  in  the  Free  Industrial  Evening  Classes, 
providing  copies,  drawing  paper,  and  instruction  in  the  most  convenient  form.  The  provision  of  the 
books  is  the  most  economical  way  in  which  school  committees  can  offer  industrial  art  education  to 
students  of  Evening  Classes. 

The  complete  series  includes  text-books  on  the  following  subjects,  and  arranged  on  the  general  plan 
of  the  Free-Hand  Books :  — 

Free-Hand  Oiitline  Drawing. 

Model  and  Object  Drawing. 

Plane    Geometrical   Drawing. 

Perspective   Drawing. 

]Vteclianical   Projection  and   Drawing. 

The  text-books  of  Free-Hand  Drawing  are  intended  to  be  used  simultaneously  with  those  in 


Geometrical  Drawing,  the  lessons  in  the  latter  subject  alternating  with  Free-Hand  lessons   as 
described  on  page  2  of  this  cover. 

The  two  subjects  of  Free-Hand  and  Geometrical  Drawing  have  the  same  kind  of  relation- 
ship to  each  other  as  the  two  subsequent  subjects,  those  on  (1)  Model  and  Object  Drawing,  and^ 
(2)  Perspective  Drawing,  the  two  latter  being  the  next  subjects  taken  in  the  course  of  study. 

Free-Hand  and  Geometrical  Drawing  practised  together  have  the  most  important  and  valu- 
able influence  upon  each  other,  and  neither  can  be  satisfactorily  pursued  unless  illustrated  by  the 
knowledge  and  power  given  by  the  other. 

Of  Model  and  Object  Drawing  and  Perspective  Drawing  the  same  may  be  said,  though 
it  is  possible  to  teach  drawing  from  objects  without  the  pupil's  having  a  profound  knowledge  of  per- 
spective ;  yet  every  object  which  is  drawn  scientifically  in  perspective  will  make  the  representation 
of  a  similar  object  by  model  drawing  a  comparatively  simple  matter  ever  afterwards  to  the  pupil. 

The  fifth  book,  Mechanical  Projection  and  Drawing,  gives  the  principles  of  drawing  plans 
and  elevation?,  by  which  architects,  engineers,  and  mechanical  draughtsmen  represent  their  works. 
It  follow?  the  study  of  Geometrical  and  Perspective  Drawing,  and  becomes  a  practical  intro- 
duction either  to  the  drawing-office  or  the  workshop,  while  pupils  of  day  schools  will  be  prepared 
by  its  course  of  exercises  for  admission  into  technical  schools  or  professional  study. 

For  each  subject  a  Teacher's  Manual  will  be  prepared  for  the  special  use  of  teachers,  giving  all  the 
exercises  contained  in  the  Drawing  Books,  as  well  as  many  others  beside-  The  object  of  the  Manual 
is  to  furnish  the  teachers  not  only  with  full  explanations  of  the  Drawing  Books,  but  also  to  give  them 
valuable  and  practical  suggestions  as  to  the  best  method  of  illustrating  and  teaching  the  principles  of 
Drawing. 

The  author  has  prepared  a  manual  for  the  use  of  primary  teachers,  containing  full  and  explicit  direc- 
tions how  to  teacli  drawing  to  young  children,  and  also  what  to  teach.  The  manual  is  accompanied 
by  a  progressive  course  of  card  exercises  for  slate  drawing,  adapted  to  the  capacities  of  young  pupils. 


JAMES   R.   OSGOOD   &  CO.,   Publishers.,   Boston. 


Entered,  'according  to  Act  of  Congress,  in  the  vear  187-?.  by  James  R.  Osgood  &  Co-  to  the  Office  of  the  Librarian  of  Congress,  at  Washington. 


GEOMETRICAL     DRAWING. 


FOR    THE    TEACHER. 

THE    INSTRUMENTS    AND    THEIR    USE. 


The  accuracy  of  Geometrical  Drawing  depends  on  the  care  used  both  in 
working  with  the  compasses,  describing  arcs,  and  in  the  ruling  of  straight 
lines  through  points  of  intersection.  Before  commencing  a  lesson  the  teacher 
should  therefore  see  that  the  compass-pencils  and  drawing-pencils  of  the  pupils 

e  as  sharply  pointed  as  possible. 

The  Patent  American  Square  (see  cut  in  next  column),  arranged  with 
several  scales  and  containing  a  protractor,  having  been  prepared  by  the  author 
for  the  special  purpose  of  Geometrical,  Perspective,  and  Mechanical  Drawing 
as  taught  in  this  course,  is  recommended  to  the  notice  of  teachers.  It  can 
be  obtained  of  the  Publishers  of  these  books. 

In  using  the  American  Square  for  Geometrical  Drawing  it  should  be  treated 
simply  as  a  ruler  and  scale,  not  as  a  protractor.  When  a  problem  involving 
the  measurement  of  angles  is  given,  the  work  must  be  done  as  directed  in  the 
text;  but  if  it  be  required  to  test  the  accuracy  of  the  work,  i.  c.  whether  an 
angle  which  should  contain  a  required  number  of  degrees  docs  really  contain 
that  number  or  not,  then  the  protractor  may  be  used  as  a  test  of  the  accuracy 
of  the  work.  Nor  are  the  angles  of  the  square  to  be  used  for  making  the 
angles  of  90°  or  45°,  in  geometrical  drawing.  A  problem  must  explain  itself 
and  prove  itself  by  the  process  of  its  working,  and  nothing  is  assumed  to  be 
accurate  unless  the  means  for  securing  accuracy  arc  displayed. 

The  compasses  must  be  held  by  the  head,  with  the  thumb  and  first  two 
fingers,  the  legs  being  untouched  by  the  fingers. 

The  pupils  should  be  taught  to  bear  very  lightly  on  the  pencil-leg  of  the 
compasses,  and  to  strike  circles  or  arcs  from  the  fingers,  and  not  from  the 
wrist.  The  pencil  should  be  held  nearly  upright  in  ruling  lines,  and  its  point 
should  be  like  the  point  of  a  screw-driver,  not  conical  as  for  free-hand  draw- 
ing ;  this  applies  also  to  the  compass-pencil. 

The  illustration  of  pencil-points,  compasses,  and  square  will  show  how 
the  points  are  tn  be  made,  and  the  kind  of  compasses  and  ruler  recom- 
mended. In  Geometrical  Drawing  the  teacher  should  insist  on  practical 
accuracy  of  result  from  the  first,  and  as  the  mechanical  means  for  obtaining 
it  are  in  the  hands  of  the  pupil,  it  is  merely  a  question  of  teaching  and  habit 
whether  the  Problems  bo  accurately  or  inaccurately  done. 

The  teacher  should  insist,  from  the  first,  that  all  points  be  figured  as  obtained, 
and  every  point  used  bo  distinguished  by  a  separate  letter  or  numeral. 

THE    EXERCISES    AND    THE    METHOD    OF    WORKING    THEM. 

A  page  of  tliis  book  will  bo  sufficient  for  half  an  hour's  lesson.  The  teacher 
should  work  each  Problem  carefully  on  the  blackboard,  as  large  as  possible, 
the  result  lines  being  twice  as  thick  a<  the  conditional  and  working  line*, 
and  the  pupils  should  work  with  him,  drawihir  in  their  books. 

It  will  be  found  advisable  to  give  occasional  lessons  as  exercises  of  the  mem- 
ory; i.  e.  instead  of  giving  fresh  Problems,  to  write  down  the  statements  of 
Problems  given  at  previous  lessons,  and  allow  the  pupils  to  work  them  from 
memory,  without  the  assistance  of  diagrams. 


G'EjYERAL  directions  to  teacher  and  pupil. 

The    blank    pages    are    intended   for   the   memory  exercises,  i  FOR    THE    PUPILS. 

the  Problems  to  be  dictated  by  the  teacher,  and  written  by  the        A  workwl  Probk.m  in  Geometrical  Drawing  may  be  divided,  for  conven- 
piipils*  in  the  space  used  for  the  enunciation  and  description  in  the  !  jencC(  jnt0  three  parts: 


priute'd  part  of  the  book.  The  Problem  is  then  tu  be.  worked  en- 
tirely from  memory  in  the  space  allotted.  The  pupil  is  not  to  be 
allowed  to  refer  back  to  the  Problem  already  worked  in  the  book, 
but  the  teacher  may  give  notice  to  the  class  that  the  next  mem- 
ory lesson  will  be  certain  Problems,  naming  them,  in  order  to 
give  the  pupils  an  opportunity  to  refresh  their  memories  a  day  or 
two  before  the  exercise. 

There  are  thirty-six  Problems  in  each  book,  so  that  a  selection 
should  be  made  by  the  teacher  of  the  most  difficult  or  improving 
Problems  in  the  thirty-six,  for  repetition  as  memory  lessons. 

The  Problems  may  be  worked  by  pupils  cither  the  same  size 
as  the  copy  or  larger  or  smaller  than  it,  according  to  the  direc- 
tions of  the  teacher,  which  should  be  stated  at  first.  But  the 
pupils  must  be  taught  that  they  arc  working  from  the  board,  and 
that  the  printed  diagrams  in  their  books  are  to  show  them  how  to 
finish  their  work  only,  size  being  of  no  importance  to  the  accu- 
racy of  their  drawing. 


Scale  of  ^,  ■$,  £,  of  an  Inch. 


1st.  The  conditions;  \ 

2d.  The  working; 

3d.  The  result. 
Thus,  in  Problem  5,  which  is  "  To  erect  a  perpendicular  to  a  given  line  A  B,  at 
its  extremity,"  the  given  line  A  B  and  its  extremity  B  are  the  conditions,  the 
first  part ;  the  dotted  lines,  the  arcs  described,  arc  the  working  by  which  the 
result  is  obtained,  and  are  the  second  part ;  and  the  perpendicular  itself,  B,  is 
the  result,  or  the  third  part. 

To  distinguish  these  separate  features  is  very  necessary  for  a  clear  under- 
standing of  a  Problem,  and  to  facilitate  this  three  distinct  kinds  of  lines  are 
employed  in  the  illustrations: 

The  first,  or  conditions,  being  the  thin  lines 

The  second,  or  working  lines,  being  dotted  lines 

The  third,  or  result  lines,  being  thick  bins      ■  ■   -    ■  ■■  ■ 

so  with  a  single  glance  at  the  illustration  the  pupil  may  see,  1st,  ivJtat  has 
to  be  done  ;  2d,  how  it  has  been  done ;  3d,  the  figure  when  done. 

When  working  from  the  blackboard,  the  pupil  need  make  no  difference 
between  the  conditional  lines  and  the  working  liu  s,  but  the  result  lines  should: 
be  made  darker  than  the  others.  3 

It  will  be  seen,  by  referring  to  the  illustrations,  thnt  both  letters  and  nu- 
merals are  used  in  the  description;  this  is  also  to  help  make  the  Problems- 
more  intelligible.  The  letters  arc  used  for  points  in  the  renditions  and  results, , 
the  numerals  in  the  working.  When  points  in  the  working  will  form  part  of 
•he  description  of  the  result,  then  letters  are  y\^\ ;  but  when  it  is  necessary 
to  use  points  in  the  working  which  form  no  part  of  the  result,  then  numerals 
arc  used.  The  numerals  may  also  assist  in  showing  how  the  work  is  done, 
by  indicating  the  steps  taken ;  thus,  point  1  will  be  the  first  point  in  the  world 
iiiL.  cither  assumed  or  obtained;  point  2  will  be  a  consequence  of  the  use  of 
point  I  ;  the  point  3  will  result  from  the  use  of  2  ;  and  so  on. 

The  pupil  will  follow  his  teacher's  directions  as  to  making  the  problem 
worked  the  same  size,  or  larger  or  smaller  than  the  ropy  i  1  the  book,  but  the 
diagram  is  never  to  be  measured,  unless  the  order  he  given  to  work  it  exactly 
the  size  of  the  copy.  The  conditions  or  given  lines  may  then  be  measured  with 
the  ruler,  to  ascertain  their  exact  dimensions  ;  bur  the  working  lines  arc  not  to  | 
be  measured,  but  made  in  any  proportion  that  will  give  accurate  results. 

In  working  the  Problems,  let  the  working  lines,  such  as  the  intersecting  arcs,  | 
he  made  with  as  long  a  radius  as  the  Problem  will  permit,  and  the  intcrsec-  I 
tibns  be  as  much  as  possible  at  right  angles : 


thus 


X 


(Fig.i.)     not  thus 


The  point  of  intersection  in  Fig.  1  is  more  distinctly 
2,  and  the  work  depending  on  it  will  be  likely,  therefore 


arked   than  in  Fig. 
o  be  more  accurate. 


Prob.  9.  —  To  trisect  a  right  angle  ABC. 

Construct  the  ri^ht  angle  first  by  Prob.  5.  With  B  as  centre,  any 
radius,  cut  the  sides  of  the  angle  in  two  points  by  the  arc  1  2 ;  with 
1  and  2  as  centres,  same  radius,  intersect  the  arc  in  points  3  and  4. 
Draw  Hues  B  3  and  B  4  trisecting  the  right  angle. 


Prob.  10.  —  Through  a  point  C  to  draw  a  line  parallel  to  a  given 
line  A  B. 

Take  any  point,  1,  in  A  B  as  centre,  and  with  1  C  as  radius,  de- 
scribe an  arc  to  cut  A  B  in  2  ;  with  centre  C,  same  radius,  describe 
a  similar  arc  from  1,  and  make  1  3  equal  to  2  0.  Draw  a  line 
through  3  C,  which  will  be  the  line  required. 


v 


Pnon.  11. —  To  draw  a  line  parallel  to  a  given  line  A  B  at  a  dis- 
tance from  it  equal  to  C  D. 

Take  any  two  points,  1  and  2,  on  the  line  A  B  as  centres,  and  with 
C  D  as  radius,  describe  two  arcs  above  the  line  A  B.  Draw  a  line 
E  F  tangential  to,  or  touching  the  arcs.  E  F  will  be  the  required 
parallel. 


Prob.  12.  —  To  construct  an  oblong  having  two  of  its  sides  AB  and 
C  D  given. 

Make  E  F  equal  to  A  B,  and  erect  a  perpendicular  F  G  at  F,  by 
Prob.  5,  equal  to  C  D;  with  centre  E,  radius  C  1),  describe  an  arc 
above  E,  and  with  centre  G,  radius  A  B,  intersect  the  arc  in  H. 
Draw  G  H  and  E  H,  and  E  F  G  II  will  be  the  required  oblong. 


Prob.  13.  —  To  construct  an  oblong,  its  diagonal  A  B  and  one  side 
C  D  being  given. 

Draw  A  B  in  any  position,  above  the  given  line.  Bisect  it  in  1  ; 
with  1  as  centre,  1  A  as  radius,  describe  a  circle ;  with  A  as  centre, 
C  D  as  radius,  cut  the  circle  in  E  ;  and  with  B  as  centre,  same 
radius,  cut  the  circle  in  F.     Draw  A  E  B  F,  the  required  oblong. 


/' 

/       \ 

\       \ 

y' 

/' 
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Prob.  14.  —  To  construct  a  rhombu.%  its  diagonal  A  B  and  its  side 
C  D  being  given. 

With  centres  A  and  B,  radius  C  D,  describe  arcs  intersecting  in  E 
and  F.     Draw  A  E  B  F,  the  required  rhombus. 


Pkob.  15. —  To  construct  a  rhombus,  a  side  A  B,  and  an  angle  C 
being  given. 

At  the  point  A  make  an  angle  equal  to  C  by  Prob.  7  ;  make  A  D 
equal  to  A  B,  and  with  centres  D  and  B,  radius  A  B,  describe  arcs 
cutting  in  E.     Draw  ADEB,  the  required  rhombus. 


Prob.  16.  —  To  construct  a  triangle  of  three  given  lines  A,  B,  and  C. 

Make  D  E  equal  to  A;  with  centre  D,  radius  B,  describe  an  arc, 
and  with  centre  E,  radius  C,  cut  the  arc  in  F.  Draw  D  E  E,  the  re- 
quired triangle. 


PitOB.  17.  —  To  construct  a  triangle,  Its  base  A  B  and  the  angles  at 
the  base  A  and  B  being  given. 

Make  the  line  C  D  equal  to  A  B  ;  make  the  angle  C  equal  to  the 
angle  A,  and  the  angle  1)  equal  the  angle  B,  by  Prob.  7.  Continue 
the  sides  until  they  meet  in  point  E. 


Prob.  18.—  To  divide  a  given  line  AB  into  any  number  of  equal  parts. 

Suppose  the  line  is  required  to  be  divided  into  five  equal  parts. 
Draw  a  line  A  C  at  any  angle  with  A  B,  and  then  draw  the  line  B 
D  at  the  same  angle  with  A  B  by  Prob.  7.  Commencing  at  A,  mark 
off  on  A  C  the  number  of  points,  less  one,  that  A  B  is  to  be  divided 
into,  that  is,  set  off  four  equal  parts  of  any  length,  as  1,  2,  3,  4.  From 
B  mark  off  on  B  D  the  same  number  o£  parts  in  the  same  manner ; 
join  1  4,  2  3,  3  2,  4  1,  by  lines  which  will  divide  A  B  into  five  equal 
parts. 


Prob.  19.  —  To  divide  a  line  A  B  into  the  same  proportional  parts 
as  a  given  divided  line  C  D. 

Place  C  D  above  A  B  and  parallel  to  A  B  by  Prob  1 1 ;  draw  lines 
A  C,  B  D,  until  they  meet  in  point  E ;  lines  drawn  from  K  to  A  B 
through  the  divisions  on  C  D  will  divide  A  B  proportionally  to  C  D. 


Prob.  20.  —  To  find  the  centre  of  a  given  triangle,  ABC. 
Bisect  two  of  the  angles  by  Prob.  8,  and  continue  the  two  bisect- 
ing lines  until  they  meet  in  point  D,  which  is  the  centre  required. 


/ 

/ 
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Prob.  21.  —  To  find  the  centre  of  a  given  circle,  A  B  C. 

Draw  two  chords,  A  B,  B  C  ;  bisect  them  by  Prob.  1.  Draw  the 
bisecting  lines  until  they  cut  each  other  in  point  D,  which  is  the 
centre  of  the  circle. 


Prob.  22.  —  To  draw  a  tangent  to  a  given  circle  at  a  given  point  of 
contact,  A. 

Find  the  centre  of  the  circle  by  Prob.  21,  and  draw  the  radius  A 
B.  At  point  A  erect  a  perpendicular  to  A  B  by  Prob.  5,  which  will 
be  the  tangent  required. 


Prob.  23.  —  To  draw  a  tangent  to  a  given  circle  from  a  given  point 
A,  outside  the  circumference. 

Find  the  centre  of  the  circle  by  Prob.  21,  and  draw  a  line  from  A 
to  the  centre  of  the  circle  B.  Bisect  A  B  in  point  1  ;  with  centre  1, 
radius  1  A,  describe  a  semicircle  on  A  B,  cutting  the  given  circle  in 
point  2.  Draw  a  line  A  C  through  point  2,  which  will  be  the  required 
tantrent. 


Prob.  24.  —  Within  a  given  triangle  A  B  C,  to  inscribe  a  circle. 

Bisect  angles  A  and  B  by  Prob.  8,  to  find  the  centre  o£  the  triangle, 
— ■point  1.  Prom  1  draw  a  line  perpendicular  to  any  side  of  the  tri- 
angle, as  1  2,  by  Prob.  S.  With  1  as  centre,  and  1  2  as  radius,  de- 
scribe the  required  circle. 


Prob.  25.  —  To  circumscribe  a  ci?'clc  about  a  given  triangle  ABC. 

Bisect  two  sides  of  the  triangle  by  Prob.  1,  continuing  the  bisecting 
lines  until  they  meet  in  point  1  ;  with  1  as  centre,  radius  1  A  or  1  B 
or  1  C,  describe  the  required  circle. 


Prob.  26.  —  To  make  a  trapezium  equal  to  a  given  trapezium  A  B 
DC- 

Draw  a  line  E  F  equal  to  A  B ;  at  F  construct  an  an^lc  equal  to 
the  angle  at  B  by  Prob.  7,  making  F  G  equal  to  B  C.  With  G  as 
centre,  C  D  as  radius,  describe  an  arc  above  F,  and  with  E  as  centre, 
A  D  as  radius,  cut  it  in  point  H.     E  F  H  G  will  be  equal  to  A  B  D  C. 


Prob.  27.  —  To  make  an  irregular  polygon  equal  to  a  given  irreg- 
ular polygon,  A  B  C  E  D. 

Draw  a  line  F  G  equal  to  A  B.  With  centre  F,  radius  A  D,  de- 
scribe an  arc  ;  and  with  centre  G,  radius  B  D,  cut  it  in  I.  With 
centre  I,  radius  D  E,  describe  an  arc,  and  with  centre  G,  radius  B  E, 
cut  it  in  K.  With  centre  K,  radius  E  C,  describe  an  arc,  and  with 
centre  G,  radius  B  C,  cut  it  in  H.  F  G  H  K I  will  be  equal  to  A  B  C 
ED. 


Prob.  28.  —  From  a  given  point  C  outside  a  given  line  A  B,  in  draw 
a  line  making  an  angle  with  the  line  A  B  equal  to  a  given  angle  D. 

Through  C  draw  a  line  parallel  to  A  B  by  Prob.  J  0.  At  the  point 
C  on  the  line  thus  made,  make  an  angle  equal  to  I)  by  Prob.  7.  Pro- 
duce the  line  forming  the  angle  till  it  cuts  A  B  in  E.  C  E  B  will 
be  equal  to  the  angle  D. 


Prob.  29.  —  To  draw  a  tangent  to  a  given  arc  A  B  at  a  given  point 
of  contact  C,  when  the  centre  of  the  arc  cannot  be  used. 

With  C  as  centre,  any  radius,  cut  the  arc  in  two  places,  points  1 
and  2,  and  draw  line  1  2.  Through  the  point  C,  draw  a  line  D  E 
parallel  with  12.     D  E  is  the  required  tangent. 


Prob.  30. —  To  construct  a  rhomboid  having  its  tico  sides  A  and  B 
and  an  angle,  as  at  A,  given. 

Draw  a  line  C  D  equal  to  the  line  A,  and  at  C  construct  an  angle 
equal  to  the  angle  at  A  by  Prob.  7,  making  the  line  C  E  equal  to  B. 
With  centre  E,  radius  line  A,  describe  an  arc,  and  with  centre  D, 
radius  B,  cut  the  arc  in  F.     Join  E  F,  F  D  for  the  required  rhomboid. 


Prob.  31.  —  To  construct  a  rhomboid,  its  two  sides  B  and  C,  and 
its  diagonal  A,  being  given. 

Make  D  E  equal  to  A.  "With  D  as  centre,  radius  B.  describe  an 
are  below  D  E  and  to  the  right  of  D.  With  E  as  centre,  same  radius, 
describe  an  arc  above  D  E  and  to  the  left  of  E.  From  the  same  cen- 
tres, with  radius  C,  cut  the  first  arcs  in  F  and  G.  Draw  DFEG, 
the  required  rhomboid. 


Prob.  32. —  On  a  given  base  A  B,  to  ccnstruct  an  equilateral  tri- 
angle. 

With  A  as  centre,  radius  A  B,  describe  an  arc  ;  and  with  centre 
B,  same  radius,  intersect  it  in  C.  Draw  A  C  and  B  C-  ABC  will 
be  the  required  triangle. 


Prob.  33.  —  Within  a  given  circle,  to  inscribe  an  equilateral  triangle. 

Draw  a  diameter  1  2.  '  With  centre  1,  and  the  radius  of  the  given 
circle  as  radius,  describe  an  are  to  cut  the  circumference  in  points  3 
and  4 ;  draw  2  3,  3  4,  4  2.     2  3  4  is  the  required  triangle. 


Prob.  34.  —  On  a  given  base  A  B,  to  construct  a  square. 

At  point  B  erect  a  perpendicular  by  Prob.  5,  making  B  C  equal  to 
A  B;  from  centre  A,  radius  A  B,  describe  an  arc,  and  from  centre 
C,  same  radius,  cut  it  in  D;  join  C  1),  1)  A.  A  B  C  D  is  the  re- 
quired square. 


Prob.  35. —  Within  a  given  circle  to  inscribe  a  square. 

Draw  a  diameter  1  2,  bisect  It  by  a  perpendicular,  as  in  Prob.  1, 
and  continue  the  bisecting  line  both  ways  to  cut  the  circle  in  points 
3  and  4.     Draw  1  3,  3  2,  2  4,  4  1,  the  required  square. 


>^       /    / 


Pjiob.  36.  —  On  a  given  base  A  B,  to  construct  a  regular  hexagon. 

With  centre  A,  radius  A  B,  describe  an  arc,  and  with  centre  B, 
same  radius,  cut  the  arc  in  C  ;  with  centre  C,  same  radius,  describe 
a  circle,  and  from  B  mark  the  distance  A  B,  round  its  circumference, 
in  points  D,  E,  F,  G-     Draw  BD,DE,EF,  F  G,  GA- 


A^"-^ 


.--''B 


Prob.  37. —  Within  a  given  circle  to  inscrilte  a  regular  hexagon. 

Draw  a  diameter  A  B.  With  centres  A  and  B  and  the  radius  of 
the  circle  as  radii,  describe  arcs  cutting  the  circumference  in  C  and 
D  and  in  E  and  F.     Join  A  D,  D  F,  F  B,  B  E,  E  C,  and  C  A. 

PitOB.  3S.  —  On  a  given  base  A  B,  to  construct  any  regular  poly- 
gon.    A  general  method. 


Suppose  the  polygon  to  be  a  pentagon  \  continue  the  base  B  A  to 
the  left,  and  with  centre  A,  radius  A  B,  describe  a  semicircle.  Di- 
vide the  semicircle  into  as  many  parts  as  the  required  polygon  has 
sides,  —  in  this  case  five.  Draw  a  line  from  A  to  the  second  division 
of  the  semicircle  A  2.  Bisect  A  2  and  A  B  by  Prob.  1,  continuing 
the  bisecting  lines  to  meet  in  point  C.  With  C  as  centre,  radius  C 
A,  describe  a  circle,  and  mark  off  the  length  A  B  from  B,  round  the 
circumference,  and  join  the  adjacent  points.  A  B  D  E  2  is  the  poly- 
gon required. 


Pror.  39. —  Within  a  given  circle  to  inscribe  any  regular  polygon. 
General  method. 

Find  the  centre  of  the  circle  by  Prob.  21.  Draw  a  diameter  1  2, 
and  divide  it  by  Prob.  18  into  as  many  equal  parts  as  there  arc  sides 
to  ihe  polygon,  —  suppose  five,  for  example.  With  centre  1,  radius 
1  2,  describe  an  arc,  and  with  centre  2,  same  radius,  cut  the  arc  in 
point  3.  Draw  a  line  from  3  through  the  second  division  from  1,  and 
continue  it  to  cut  the  circumference  of  the  circle  in  point  A.  Draw 
the  line  1  A,  and  it  will  be  one  side  of  the  required  polygon.     Set  off 


the  distance  1  A  round  the  circle  in  points  A,  B,  C,  D,  and  jcin  the 
points  A  B,  B  C,  C  D,  D  1. 

Prob.  40. —  On  a  gioen  altitude  A  B,  to  construct  an  equilateral 
triangle. 

By  Prob.  5  erect  a  line  at  B  perpendicular  on  the  right  of  the  line 
A  B,  and  continue  it  beyond  B  indefinitely.  With  A  as  centre,  any 
radius,  cut  A  B  in  point  1,  and  with  centre  1,  same  radius,  describe 
an  arc  to  cut  A  B  again  in  point  2.  With  centre  2,  same  radius,  cut 
the  last  arc  in  points  3  and  4.     Draw  lines  from  A  through  3  and  4 


to  cut  the  perpendicular  line  in  C  and  D.  A  C  D  is  the  required 
triangle. 

Prob.  41.  —  To  construct  an  isosceles  triangle,  having  a  given  alti- 
tude A  B,  and  a  git-en  base  C  D. 

At  point  B  erect  a  perpendicular  by  Prob.  5.  Bisect  C  D,  and 
mark  off  half  of  it  on  the  perpendicular  on  each  side  of  B  in  points 
E  and  F ;  join  A  E  and  A  F.     A  E  F  is  the  required  triangle. 


Prob.  42.  —  About  a  give?i  square  A  B  C  D,  to  describe  an  equilat- 
ral  triangle. 

Produce  the  base  A  B  outwards  on  both  sides.  With  centre  C, 
radius  C  J),  describe  an  arc,  and  with  centre  D,  same  radius,  cut  the 
are  in  E.  Draw  E  C,  E  D,  and  produce  them  to  cut  the  produced 
base  in  F  G.    E  F  G  is  the  required  triangle. 


Prob.  43.  —  Within  a  given  square  A  B  C  D,  to  inscribe  an  equilat- 
teral  triangle. 

Trisect  the  angle  at  A  by  Prob.  9.  Bisect  the  two  outer  angles  of 
the  three  into  which  the  right  angle  is  trisected.  Draw  the  bisecting 
lines  of  the  outer  angles  to  cut  the  sides  of  the  square  in  F  and  E ; 
draw  E  F.     A  E  F  is  the  required  triangle. 


Prob.  44.  —  To  construct  an  isosceles  triangle  on  a  given  base  A  B, 
and  having  a  given  vertical  angle  C 

With  the  angular  point  C  as  centre,  and  any  radius,  cut  the  side 
of  the  angle  in  1  and  2  ;  draw  line  1  2.  At  points  A  and  B,  by  Prob. 
7,  make  angles  equal  to  the  angles  at  1  and  2.  Produce  the  lines 
forming  the  angles  to  cut  in  D.     A  B  D  will  be  the  triangle  required. 
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AMEEICAN  DKAWING-MODELS 

FOB  THE  USE  OF 

Common  Schools,  Drawing  Classes,  and  Schools  of  Art  and 
Science. 

Manufactured  at  the  Washburn  Machine-Shop,  connected  with  the  Free 
Institute  of  Industrial  Science,  Worcester,  Mass., 

FROM  DESIGNS  BT 

PROF.   WALTER    SMITH, 

STATE  DIRECTOR  OF  ART  EDOCATION  FOR  MASSACHUSETTS. 


The  increasing  demand  for  Art  Education,  and  its  general  adoption 
as  a  branch  of  common-school  instruction  by  the  Legislature  of  Massa- 
chusetts, has  rendered  it  necessary  that  a  supply  of  proper  models  with 
which  to  convey  this  instruction  should  be  produced.  The  managers 
of  the  Worcester  Technical  School,  having  all  the  facilities  for  pro- 
ducing such  works,  and  anxious  to  aid  the  cause  of  Artistic  and  Scien- 
tific Education,  have  obtained  designs  for  a  complete  set  of  models, 
from  Prof.  Walter  Smith,  Director  of  Art  Education  for  the  State 
of  Massachusetts,  whose  position  will  be  a  sufiBcient  guaranty  of  their 
quality  and  arrangement. 

The  models  are  made  from  the  best  materials,  in  a  perfect  and  work- 
manlike manner  ;  and  by  reason  of  extensive  machinery  specially  fitted 
up  for  this  work,  the  models  are  produced  with  accuracy,  at  a  much  less 
price  than  would  be  possible  otherwise.  Each  model  being  made  to 
dimensions,  these  sets  are  equally  suited  to  all  kinds  of  Eree-Hand, 
Instrumental,  and  Perspective  Drawing. 

Set  No.  1 

Consists  of  thirty  pieces,  selected  from  the  most  useful  and  beau- 
tiful  geometrical  figures  and  curved  forms,  and  includes  the 
New  Adjustable  Model-Stand.     Price,  with  box        .        S20 

Set  No.  2 

Consists  of  ten  wooden  vases,  duplicated  from  the  Greek  originals. 

Price,  with  box  ......        £10 

Set  No.  3 

Consists  of  fonr  large  models  for  lectures  and  instructions  to  classes :  — 

1.  Cube,  fifteen  inches  side. 

2.  Cone,  with  base  twelve  inches,  altitude  eighteen  inches. 

3.  Cylinder,  base  twelve  inches,  altitude  eighteen  inches. 

4.  Hexagonal  Prism,  base  twelve  inches,  length  twenty-four 

inches. 
Price,  with  box  .  .  .  .  .  ©15 

Set  No.  4 

Is  intended  for  Primary  Schools,  and   consists  of  twelve  pieces, 

which  comprise  the  common  geometrical  figures.  Price,  with  box  Si  0 

Tlie  above  prices  are  all  7iet  prices. 

Messrs.  James  H.  Osgood  &  Co.,  the  Publishers  of  these  Books, 
are  the  Sole  Agents  for  theso  Models. 


GEOMETRIC   SOLIDS. 
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NAMES    UF   GEOMETRIC    SOLIDS.  « 

The  names  of  the  geometric  solids  comprised  in  the  American  Draw- 
ing-Models, and  which  are  most  commonly  used  in  teaching  Model 
Drawing,  arc  here  given,  together  with  illustrations  of  the  forms  them- 
selves :  — 

Planes.  —  No.  1,  Circular;  2,  Triangular;  3,  Square;  4,  Hexagonal 

Planes. 
Plinths- —  No.  5,  Circular  Disk;   6,  Triangular  Plinth ;   7,  Square 

Plinth ;  8,  Hexagonal  Plinth. 
Prisms. — No.  9,  Cylinder;  10,  Triangular  Prism;    11,  Rectangular 

Prism,  or  Oblong  Clock  (Parallelopipedon) ;  12,  Hexagonal  Prism. 
Pyramids.  —  No.  13,  Cone;    14,  Triangular    Pyramid ;    15,  Rect- 
angular or  Right  Pyramid  ;  16,  Hexagonal  Pyramid. 
Other  Solids.  —  No.  17,    Sphere;    18,  Erustrum  of  a  Cone;    19, 

Cube  ;  20,  Flight  of  four  Steps. 
Frames. — No.  21,   Circular  Frame;    22,  Triangular  Frame;    23, 

Square  Frame  ;  24,  Hexagonal  Frame. 
Various  Solids. — No.  25,  Cross;  26,  Double  Cross;  27,  Skeleton 

Cube;  28,  Skeleton  Rectangular  Block. 

DEFINITIONS. 

Planes.  — A  plane  has  length  and  breadth,  but  no  thickness. 

The  first  word  describes  the  character  of  the  plane;  thus,  a  circular 
plane,  or  a  hexagonal  plane.  Unless  otherwise  stated,  the  names 
hexagonal,  triangular,  &c,  refer  to  regular  forms ;  i.e.,  to  hexa- 
gons, triangles,  &c.,  having  equal  sides  and  angles. 

Plinths.  — A  plinth  is  a  cross-section  of  a  prism.    * 

If  the  length  of  the  axis  of  a  prism  be  shorter  than  its  diameter,  it  is 
commonly,  by  draughtsmen,  described  as  a  plinth.  It  is  simply  a 
slice  cut  from  the  end  of  a  prism. 

Prisms.  —  A  prism  is  a  geometrical  solid  having  two  faces  (ends)  or 
bases  which  arc  equal  and  parallel,  and  whose  sides  are  parallelo- 
grams. 
It  is  a  right  prism  when  the  bases  and  sides  are  perpendicular  to  each 
other,  and  an  oblique  prism  when  the  planes  of  the  base  and  sides 
are  not  right  angles.  A  line  from  centre  to  centre  of  cacli  base  is 
called  the  axis  of  the  prism. 

Pyramids.  —  A  pyramid  is  a  geometrical  solid  having  a  regular 
polygon,  square,  or  triangle  as  its  base,  and  its  sides  composed  of 
triangles  having  a  common  vertex.  A  right  pyramid  lias  its  axis 
and  base  perpendicular  to  each  other. 

A  Sphere  is  a  solid  bounded  by  a  curved  surface,  every  point  in 
which  is  equally  distant  from  a  point  within  it,  called  the  centre. 
It  is  described  by  the  revolution  of  a  semi-circle  on  the  diameter. 

A  Frustum  of  a  Cone  is  that  part  of  the  solid  winch  is  cutoff 
by  a  plane  parallel  to  the  base. 

A  Cube  is  a  rectangular  parallelopipedon,  whose  six  faces  are  all 
square  planes. 

A  Flight  of  Steps  (not  a  geometric  solid)  is  composed  of  two  planes, 
vertical  and  horizontal ;  the  first  being  called  the  riser,  and  the  sec- 
ond the  tread. 

Frames.  —  A  Frame,  unless  otherwise  specified,  is  a  regular  geome- 
tric shape  composed  of  prisms,  square  in  the  section  perpendicular 
to  their  axes. 
The  Circular  Frame  is  an  exception  to  this,  though  a  section  made  by 
a  radius  of  its  base  will  be  square  also. 

Various  Solids. 

A  Cross  is  the  intersection  of  two  or  more  similar  prisms. 

A  Double  Cross  is  the  junction  of  two  crosses  having  a  common 

vertical  stem. 
A  Skeleton  Cube  is  composed  of  right  prisms,  square  in  section,  and 

made  into  the  form  of  a  cube. 
A  Skeleton  Rectangular  Clock  is  composed  of  right  prisms,  square 
in  section,  made  into  the  form  of  a  parallelopipedon. 


THE 


AMERICAN  TEXT-BOOKS  OF  ART  EDUCATION, 


PEEPAEED    BY 


PROF.    WALTER    SMITH, 


Late  Head  Master  of  the  Leeds  (England)  School  of  Art  and  Science  and  Training  School  for  Art  Teachers ;  and  now  Professor  of  Art  Education  in  the  City  of  Boston 
Normal  Art  School ;  General  Supervisor  of  Drawing  in  the  Boston  Public  Schools,  and  State  Director  of  Art  Education 

for  the  Commonwealth  of  Massachusetts. 


This  Series  of  text-books  will  be  completed  during  the  present  year,  and  will  form  a  complete  and 
systematic  course  of  instruction  in  Drawing.  The  whole  series  has  been  prepared  with  special  refer- 
ence to  the  want,  now  so  generally  felt  by  all  educators,  for  some  practical  text-books  on  the  subject  of 
Art  Education,  which  should  embody  principles  and  methods  of  teaching  Drawing  as  a  comprehensive 
and  important  branch  of  study,  and  at  the  same  time  be  adapted  to  use  in  common  schools. 

The  plan  of  the  books  is  the  first  s}rstematic  effort  made  in  this  country  to  cover  the  whole  field  of 
Art  Education  for  schools,  by  embracing  every  subject  included  under  the  head  of  Elementary 
Drawing.  Pupils  going  through  the  course  in  all  the  subjects  will  be  thoroughly  grounded,  and  pre- 
pared either  for  practical  industrial  art  or  the  further  professional  study  of  the  6ne  arts. 

The  series  of  books  are  also  specially  adapted  for  pupils  in  the  Free  Industrial  Evening  Classes, 
providing  copies,  drawing  paper,  and  instruction  in  the  most  convenient  form.  The  provision  of  the 
books  is  the  most  economical  way  in  which  school  committees  can  offer  industrial  art  education  to 
students  of  Evening  Classes. 

The  complete  series  includes  text-books  on  the  following  subjects,  and  arranged  on  the  general  plan 
of  the  Free-Hand  Books :  — 

Free-Hand  Oiatline  Drawing. 

iMlodel  and  Object  Drawing. 

Plane    Geometrical   Drawing. 

3? er spe c ti ve   Drawing. 

]S£echanical   ^Projection  and   Drawing. 

The  text-books  of  Free-Hand  Drawing  are  intended  to  be  used  simultaneously  with  those  in 


Geometrical  Drawing,  the  lessons  in  the  latter  subject  alternating  with  Free-Hand  lessons  as 
described  on  page  2  of  this  cover. 

The  two  subjects  of  Free-Hand  and  Geometrical  Drawing  have  the  same  kind  of  relation- 
ship to  each  other  as  the  two  subsequent  subjects,  those  on  (1)  Model  and  Object  Drawing,  and 
(2)  Perspective  Drawing,  the  two  latter  being  the  next  subjects  taken  in  the  course  of  study. 

Free-Hand  and  Geometrical  Drawing  practised  together  have  the  most  important  and  valu- 
able influence  upon  each  other,  and  neither  can  be  satisfactorily  pursued  unless  illustrated  by  the 
knowledge  and  power  given  by  the  other. 

Of  Model  and  Object  Drawing  and  Perspective  Drawing  the  same  may  be  said,  though 
it  is  possible  to  teach  drawing  from  objects  without  the  pupil's  having  a  profound  knowledge  of  per- 
spective ;  yet  every  object  which  is  drawn  scientifically  in  perspective  will  make  the  representation 
of  a  similar  object  by  model  drawing  a  comparatively  simple  matter  ever  afterwards  to  the  pupil. 

The  fifth  book,  Mechanical  Projection  and  Drawing,  gives  the  principles  of  drawing  plans 
and  elevations,  by  which  architects,  engineers,  and  mechanical  draughtsmen  represent  their  works. 
It  follows  the  study  of  Geometrical  and  Perspective  Drawing,  and  becomes  a  practical  intro- 
duction either  to  the  drawing-office  or  the  workshop,  while  pupils  of  day  schools  will  be  prepared 
by  its  course  of  exercises  for  admission  into  technical  schools  or  professional  study. 

For  each  subject  a  Teacher's  Manual  will  be  prepared  for  the  special  use  of  teachers,  giving  all  the 
exercises  contained  in  the  Drawing  Books,  as  well  as  many  others  beside.  The  object  of  the  Manual 
is  to  furnish  the  teachers  not  only  with  full  explanations  of  the  Drawing  Books,  but  also  to  give  them 
valuable  and  practical  suggestions  as  to  the  best  method  of  illustrating  and  teaching  the  principles  of 
Drawing. 

The  author  has  prepared  a  manual  for  the  use  of  primary  teachers,  containing  full  and  explicit  direc- 
tions how  to  teach  drawing  to  young  children,  and  also  what  to  teach.  The  manual  is  accompanied 
by  a  progressive  course  of  card  exercises  for  slate  drawing,  adapted  to  the  capacities  of  young  pupils. 


JAMES   R.   OSGOOD   «£   CO.,   Publishers,   Boston. 


Entered,  according  to  Act  of  Congress,  in  the  year  1873,  by  James  R.  Osgood  &  Co,  in  the  Office  of  the  Librarian  of  Congress,  at  Washington. 
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GEOMETRICAL     DRAWING 

GENERAL  DIRECTIONS  TO   TEACHER   AND  FUPIL. 


FOR   THE    TEACHER. 


THE    INSTRUMENTS    AND    THEIR    USE. 

The  accuracy  of  Geometrical  Drawing  depends  on  the  care  used  both  in 
working  with  the  compasses,  describing  arcs,  and  in  the  ruling  of  straight 
ines  through  points  of  intersection.  Before  commencing  a  lesson  the  teacher 
;hould  therefore  see  that  the  compass-pencils  and  drawing-pencils  of  the  pupils 
ire. as  sharply  pointed  as  possible. 

The  Patent  American  Square  (see  cut  in  next  column),  arranged  with 
several  scales  and  containing  a  protractor,  having  been  prepared  by  the  author 
or  the  special  purpose  of  Geometrical,  Perspective,  and  Mechanical  Drawing 
is  taught  in  this  course,  is  recommended  to  the  notice  of  teachers.  It  can 
ae  obtained  of  the  Publishers  of  these  books. 

In  using  the  American  Square  for  Geometrical  Drawing  it  should  be  treated 
simply  as  a  ruler  and  scale,  not  as  a  protractor.  When  a  problem  involving 
;he  measurement  of  angles  is  given,  the  work  must  be  done  as  directed  in  the 
;ext;  but  if  it  be  required  to  test  the  accuracy  of  the  work,  i.  e.  whether  an 
ingle  which  should  contain  a  required  number  of  degrees  does  really  contain 
ihat  number  or  not,  then  the  protractor  may  be  used  as  a  test  of  the  accuracy 
>f  the  work.  Nor  are  the  angles  of  the  square  to  be  used  for  making  the 
jingles  of  90°  or  45°,  in  geometrical  drawing.  A  problem  must  explain  itself 
and  prove  itself  by  the  process  of  its  working,  and  nothing  is  assumed  to  be 
accurate  unless  the  means  for  securing  accuracy  arc  displayed. 

The  compasses  must  be  held  by  the  head,  with  the  thumb  and  first  two 
fingers,  the  legs  being  untouched  by  the  fingers. 

The  pupils  should  be  taught  to  bear  very  lightly  on  the  pencil-leg  of  the 
compasses,  and  to  strike  circles  or  arcs  from  the  fingers,  and  not  from  the 
wrist.  The  pencil  should  be  held  nearly  upright  in  ruling  lines,  and  its  point 
mould  be  like  the  point  of  a  screw-driver,  not  conical  as  for  free-hand  draw- 
ing ;  this  applies  also  to  the  compass-pencil. 

The  illustration  of  pencil-points,  compasses,  and  square  will  show  how 
the  points  are  to  be  made,  and  the  kind  of  compasses  and  ruler  recom- 
mended. In  Geometrical  Drawing  the  teacher  should  insist  on  practical 
accuracy  of  result  from  the  first,  and  as  the  mechanical  means  for  obtaining 
it  are  in  the  hands  of  the  pupil,  it  is  merely  a  question  of  teaching  and  habit 
whether  the  Problems  be  accurately  or  inaccurately  done. 

The  teacher  should  insist,  from  the  first,  that  all  points  be  figured  as  obtained, 
and  every  point  used  be  distinguished  by  a  separate  letter  or  numeral. 

THE    EXERCISES    AND    THE    METHOD    OF    WORKING    THEM. 

A  page  of  this  hook  will  be  sufficient  for  half  an  hour's  lesson.  The  teacher 
should  work  each  Problem  carefully  on  the  blackboard,  as  large  as  possible, 
the  result  lines  being  twice  as  thick  as  the  conditional  and  working  lines, 
and  the  pupils  should  work  with  him,  drawing  in  their  hooks. 

It  will  be  found  advisable  to  give  occasional  lessons  as  exercises  of  the  mem- 
Dry;  i.  e.  instead  of  giving  fresh  Problems,  to  write  down  the  statements  of 
Problems  given  at  previous  lessons,  and  allow  the  pupils  to  work  them  from 
memory,  without  the  assistance  of  diagrams. 


The  blank  pages  are  intended  for  the  memory  exercises, 
the  Problems  to  be  dictated  by  the  teacher,  and  written  by  the 
pupils  in  the  space  used  for  the  enunciation  and  description  in  the 
printed  part  of  the  book.  The  Problem  is  then  to  be  worked  en- 
tirely from  memory  in  the  space  allotted.  The  pupil  is  not  to  be 
allowed  to  refer  back  to  the  Problem  already  worked  in  the  book, 
but  the  teacher  may  give  notice  to  the  class  that  the  next  mem- 
ory lesson  will  be  certain  Problems,  naming  them,  in  order  to 
give  the  pupils  an  opportunity  to  refresh  their  memories  a  day  or 
two  before  the  exercise. 

There  are  thirty-six  Problems  in  each  book,  so  that  a  selection 
should  be  made  by  the  teacher  of  the  most  difficult  or  improving 
Problems  in  the  thirty-six,  for  repetition  as  memory  lessons. 

The  Problems  may  be  worked  by  pupils  either  the  same  size 
as  the  copy  or  larger  or  smaller  than  it,  according  to  the  direc- 
tions of  the  teacher,  which  should  be  stated  at  first.  But  the 
pupils  must  be  taught  that  they  are  working  from  the  board,  and 
that  the  printed  diagrams  in  their  books  are  to  show  them  how  to 
finish  their  work  only,  size  being  of  no  importance  to  the  accu- 
racy of  their  drawing. 


Scale  of  5,  £,  £,  of  an  Inch. 


FOR    THE    PUPILS. 

A  worked  Problem  iu  Geometrical  Drawing  may  be  divided,  for  conven- 
ience, into  three  parts: 
1st.  The  conditions; 
2d.  The  working; 
3d.  The  result 
Thus,  in  Problem  5,  which,  is  "  To  erect  a  perpendicular  to  a  given  line  A  B,  at 
its  extremity,"  the  given  line  A  P>  and  its  extremity  B  are  the  conditions,  the 
first  part ;  the  dotted  lines,  the  arcs  described,  are  the  working  by  which  the 
result  is  obtained,  and  are  the  second  part ;  and  the  perpendicular  itself,  B,  is 
the  result,  or  the  third  part. 

To  distinguish  these  separate  features  is  very  necessary  for  a  clear  under- 
standing of  a  Problem,  and  to  facilitate  this  three  distinct  kinds  of  lines  are 
employed  in  the  illustrations: 

The  first,  or  conditions,  being  the  thin  lines 


The  second,  or  working  lines,  being  dotted  lines 
The  third,  or  result  lines,  being  thick  lines 


so  with  a  single  glance  at  the  illustration  the  pupil  may  see,  1st,  what  has 
to  be  done ;  2d,  how  it  has  been  done ;  3d,  the  figure  when  done. 

When  working  from  the  blackboard,  the  pupil  need  make  no  difference 
between  the  conditional  lines  and  the  working  lines,  but  the  result  lines  should 
be  made  darker  than  the  others.  «-* 

It  will  be  seen,  by  referring  to  the  illustrations,  that  both  letters  and  nu- 
merals are  used  in  the  description ;  this  is  also  to  help  make  the  Problems 
more  intelligible.  The  letters  are  used  for  points  in  the  conditions  and  results, 
the  numerals  in  the  working.  When  points  in  the  working  will  form  part  of 
the  description  of  the  result,  then  letters  arc  used;  but  when  it  is  necessary 
to  use  points  in  the  working  which  form  no  part  of  the  result,  then  numerals 
are  used.  The  numerals  may  also  assist  in  showing  how  the  work  is  done, 
by  indicating  the  steps  taken :  thus,  point  1  will  be  the  first  point  in  the  work- 
ing, cither  assumed  or  obtained  ;  point  2  will  be  a  consequence  of  the  use  of 
point  1  ;  the  point  3  will  result  from  the  use  of  2  ;  and  so  on. 

The  pupil  will  follow  his  teacher's  directions  as  to  making  the  problem 
worked  the  same  size,  or  larger  or  smaller  than  the  copy  in  the  book,  but  the 
diagram  is  never  to  be  measured,  unless  the  order  be  given  to  work  it  exactly 
the  size  of  the  copy.  The  conditions  or  given  lines  may  then  be  measured  with 
the  ruler,  to  ascertain  their  exact  dimensions ;  but  the  working  lines  are  not  to 
be  measured,  but  made  in  any  proportion  that  will  give  accurate  results, 

In  working  the  Problems,  let  the  working  lines,  such  as  the  intersecting  arcs, 
be  made  with  as  long  a  radius  as  the  Problem  will  permit,  and  the  intersec- 
tions be  as  much  as  possible  at  right  angles : 


thus 


X 


(Fig.i.)     not  thus 


(Fig.  2.) 


The  point  of  intersection  in  Fig.  1  is  more  distinctly  marked   than  in  Fig. 
2,  and  the  work  depending  on  it.  will  be  likely,  therefore,  to  be  more  accurate. 


Prob.  45. —  To  construct  a  regular  hexagon  on  a  given  diameter 
AB. 

Draw  a  line  A  B.  Bisect  A  B  by  a  perpendicular  line  I  F,  in 
point  C.  With  centre  C  describe  a  semicircle  on  I  F  and  divide  it 
into  three  equal  parts  by  applying  the  radius  three  times.  Draw 
Cl,  C2  indefinitely.  At  A  erect  a  perpendicular  to  cut  Cl,  C  2,  inD 
and  E.  D  E  is  one  side  of  the  hexagon.  Strike  a  circle  with  C 
D  as  radius,  and  mark  D  E,  C  D  six  times  round  it. 


Prob.  46. —  To  inscribe  an  octagon  within  a  given  circle. 

Draw  a  circle.  Then  draw  any  diameter,  as  A  B.  Bisect  it  by 
a  perpendicular  C  D,  thus  dividing  the  circle  into  four  equal  parts. 
Bisect  the  two  upper  right  angles  which  are  at  the  centre  of  A  B, 
and  continue  the  bisecting  lines  until  they  cut  the  circle  in  points 
E,  F,  G,  and  H,  dividing  the  circle  into  eight  equal  parts.  Join 
their  points  and  thus  complete  the  figure. 


Prob.  47. —  Within  any  sector  of  a  circle,  to  inscribe  a  circle. 
Draw  any  sector,  as  A  B  C.     Bisect  the  angle  at  C  and  continue 
the  bisecting  line  until  it  cuts  the  arc  A  B  at  D.     At  D  erect  a 
perpendicular  to  D  C.     Produce  C  B  to  cut  this  perpendicular  in 

E.  Bisect  angle  DEC,  producing  the  bisecting  line  to  cut  C  D  in 

F.  Then  F  is  the  centre  of  the  circle  and  F  D  the  radius. 


Prob.  48. —  Within  a  given  pentagon  A  B  C  D  E,  to  inscribe  an 
equilateral  triangle. 

Construct  the  pentagon.  Draw  a  diagonal  E  C,  and  a  line  1  2 
through  D  parallel  to  E  C.  With  D  as  centre  describe  a  semicircle 
on  the  line  1  2,  cutting  it  in  points  1  and  2.  With  1  and  2  as  cen- 
tres and  with  the  radius  of  the  semicircle  as  radius,  cut  the  semi- 
circle in  3  and  4.  Draw  the  lines  D  3,  D  4,  to  intersect  the  pentagon 
in  F  and  G.     Draw  F  G.     D  F  G  is  the  triangle  required. 


Pkob.  49. —  Within  a  given  hexagon  A  B  C  D  E  F,  to  inscribe  an 
equilateral  triangle,  its  sides  parallel  to  three  sides  of  the  hexagon. 

Construct  the  hexagon.  Find  its  centre  by  drawing  any  two 
diagonals,  A  D,  F  C.  Bisect  three  alternate  sides,  in  points  G  H  I. 
Draw  G  H,  G  I,  H  I.     G  H  I  is  the  required  triangle. 


Prob.  50. — To  inscribe  the  largest  possible  equilateral  triangle  with- 
in a  given  hexagon,  A  B  C  D  E  F. 

Construct  the  hexagon.      Join  the  alternate  angles  D  and  F,  D  I 
and  B,  and  B  and  F.     F  B  D  is  the  required  triangle. 


Prob.  51. —  Within  a  given  square  A  B  C  D,  to  inscribe  an  isosceles 
triangle,  having  a  given  base  E  1\ 

Draw  a  square.  Draw  a  diagonal  A  D ;  then  bisect  E  F  in  point 
1 ;  from  D  mark  off  the  distance  E  1  on  the  diagonal  A  D  in  point 
2 ;  with  2  as  centre  and  2  D  as  radius,  cut  two  sides  of  the  square 
in  points  G  and  H ;  draw  G  H,  H  A,  G  A.  G  H  A  will  be  the  in- 
scribed triangle. 


Prob.  52. — To  find  the  altitude  of  any  triangle,  as  A  B  C. 

Draw  any  triangle.  When  the  vertical  angle  A  is  over  the  base, 
then,  by  Prob.  3,  let  fall  a  perpendicular  to  the  base  B  C,  cutting  it 
in  D.     AD  is  the  altitude. 

When  the  vertical  angle  is  not  over  the  base,  as  in  triangle  E  F 
G,  then  produce  the  base  F  G  in  the  direction  of  the  vertical  angle, 
and  from  E  let  fall  the  perpendicular  to  the  produced  base,  cutting 
it  in  H.     EH  will  then  be  the  altitude. 


Prob.  53. —  To  describe  a  circle  through  three  given  points,  as  A  B 
C,  which  are  not  in  the  same  straight  line. 

Place  three  such  points.  Draw  the  lines  A  C,  C  B  ;  bisect  them, 
producing  the  bisecting  lines  to  cut  in  D.  D  will  be  the  centre  of 
the  circle.    With  centre  D,  radius  D  B,  describe  the  required  circle. 
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Prob.  54. —  Within  a  given  triangle  A  B  C,  to  inscribe  a  square. 

Draw  a  triangle.  Draw  the  altitude  of  the  triangle  A  D  by  Prob. 
52 ;  at  C  erect  a  perpendicular  C  I  by  Prob.  5,  making  it  equal  to 
the  base  B  C  ;  draw  line  I  D,  cutting  the  side  A  C  in  E ;  from  E  let 
fall  a  perpendicular  to  the  base  B  C,  cutting  it  in  F.  E  F  is  one 
side  of  the  square.  From  F  mark  off  the  length  F  E  on  the  base 
B  C  in  G,  and  from  G  with  the  same  length  cut  A  B  in  H ;  draw  E 
II  and  6H.     E  F  G  H  is  the  square. 


Prob.  bb. —  Within  a  given  regular  hexagon,  to  inscribe  a  square. 

Construct  a  regular  hexagon.  Draw  a  diagonal  A  D ;  bisect  the 
diagonal  by  a  perpendicular  in  point  1,  by  Prob.  1,  extending  the 
lines  of  bisection  to  cut  the  hexagon  in  points  2  and  3  ;  bisect  two 
adjacent  angles,  as  2  1  A  and  2  1  D,  producing  the  lines  to  cut  the 
hexagon  in  GH  I  K;  draw  G  K,  K  H,  H  I,  and  I  G.  G  H  I  K  is 
the  square. 


Prob.  56. — On  a  given  diagonal  A  B  to  construct  a  square. 

Draw  a  line  A  B.  Bisect  A  B  in  1  ;  and  with  centre  1,  radius  1 ! 
A,  describe  a  circle  to  cut  the  bisecting  line  in  C  and  D  ;  draw  C  A, . 
C  B,  A  D,  B  D.     A  C  B  D  is  the  required  square. 
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Prob.  57. —  Within  a  given  square  A  B  C  D,  to  inscribe  an  oc- 
tagon. 

Construct  a  square.  Draw  the  diagonals  A  C,  D  B,  intersecting 
in  1 ;  with  A  B  C  D  as  centres  and  with  A  1  as  radius,  describe  arcs 
cutting  the  square  in  E  F,  G  H,  I  K,  L  M ;  draw  M  G,  F  K,  H  L, 
IE.    F  G  K  H  L  I  E  M  is  the  required  octagon. 


Prob.  58. — To  inscribe  a  square  in  a  given  rhombus  ACBD. 

Construct  a  rhombus.  Draw  two  diagonals  AB,  C  D,  intersecting 
in.  point  1 ;  bisect  two  adjacent  angles,  as  D  I  A,  D  I  B  and  produce 
the  bisecting  hues  until  they  cut  the  rhombus  in  EF  G  H ;  draw  E 
F,  E  H,  H  G,  F  G.     E  F  G  H  is  the  square. 


Prob.  59. —  To  inscribe  a  circle  in  a  given  rhombus  A  B  C  D. 

Construct  a  rhombus.  Draw  the  two  diagonals,  cutting  each  other 
in  1 ;  from  1  draw  a  line  perpendicular  to  any  side,  as  L)  C,  cutting- 
it  in  point  2  ;  with  centre  1,  radius  1  2,  describe  the  required  circle" 
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Prob.  60. — About  a  given  circle  to  describe  an  equilateral  triangle. 

Strike  a  circle.  Draw  a  diameter  1  2  ;  with  centre  1,  and  with  the 
radius  of  the  given  circle  as  radius,  cut  the  circle  in  3  4  ;  from  2,  3, 
4,  and  with  3  4  as  radius,  describe  arcs  intersecting  in  A,  B,  C  ;  draw 
A  B,  A  C,  B  C,  the  required  triangle. 


Prob.  61. —  Within  a  given  circle  to  inscribe  a  triangle  similar  to  a 
given  triangle  ABC. 

Draw  any  circle.  Find  its  Centre,  and  at  any  point,  as  1,  draw  a 
tangent  to  it,  as  3  4  ;  at  point  1  on  the  tangent  make  the  angle  3  1  D 
equal  to  the  inner  angle  of  the  given  triangle  at  C,  and  the  angle 
4  1  E  equal  to  the  inner  angle  of  the  given  triangle  at  B ;  draw  DE. 
D  E  1  is  the  triangle  required. 


Prob.  62. — About  a  given  circle  to  describe  a  triangle  similar  to  a 
given  triangle  ABC. 

Draw  a  circle.  Find  its  centre,  and  draw  any  radius  as  1  2  ;  pro- 
duce the  base  of  the  given  triangle  to  3  and  4,  and  at  point  1  make 
the  angle  2  16,  equal  to  the  external  angle  A  B  3  ;  also  the  angle  215, 
on  the  other  side  of  the  line  2  1,  equal  to  the  external  angle  A  C  4 ; 
at  points  2  5  6,  draw  tangents  to  the  circle  by  erecting  perpendiculars 
to  the  ends  of  the  radii,  intersecting  in  D,  E,  F.  DE  F  is  the  re- 
quired triangle. 


Prob.  63. — To  inscribe  a  regular  heptagon  within  a  given  circle. 

Draw  a  circle,  and  any  radius,  as  1  2.  With  centre  1 ,  radius  1  2, 
cut  the  circle  in  3  and  4.  Draw  3  4  intersecting  1  2  in  5.  Then  3  5 
will  be  the  side'  of  the  required  heptagon,  which  side  is  to  be  marked 
round  the  circle  in  points  A,  B,  C,  D,  E,  F.  Join  1  A,  A  B,  &c, 
and  complete  the  heptagon. 


Prob.  64.- — On  a  given  base  A  B,  to  construct  a  regular  pentagon. 

Draw  a  line  A  B.  With  centres  A  and  B,  radius  A  B,  describe 
circles  intersecting  in  1  and  2.  With  centre  1,  same  radius,  describe 
an  arc,  cutting  the  circle  in  3  and  4,  and  line  1  2  in  5.  Draw  3  5  and 
4  5,  extending  them  until  they  cut  the  circles  in  C  and  D.  AC  and 
B  D  will  be  two  more  sides  of  the  pentagon.  From  C  and  D  as 
centres,  with  A  B  as  radius,  intersect  arcs  in  E.  A  B  D  E  C  is  the 
required  pentagon. 


Prob.  65. —  On  a  given  base  A  B,  to  construct  a  regular  octagon. 

Draw  a  line  A  B,  producing  it  beyond  A  and  B.  At  A  and  B 
erect  perpendiculars  to  A  B.  Bisect  the  right  angle  to  the  left  of 
A  and  the  one  to  the  right  of  B,  making  the  bisecting  lines  A  H,  B 
C,  equal  to  A  B.  Draw  H  C  cutting  the  perpendiculars  in  1  and 
2.  From  points  1  and  2,  set  off  the  distance  1  2  on  the  perpendicu- 
lars in  3  and  4.  Draw  a  line  through  3  and  4  indefinitely.  Mark 
off  the  distance  1  A  from  3  and  4  in  points  F  and  E,  G  and  H. 
Complete  the  octagon. 
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Prob.  66. — About  a  given  circle  to  describe  a  square. 

Draw  a  circle.  Next  draw  two  diameters  1  2,  3  4,  perpendicular 
to  each  other;  with  centres  1  2,  3  4,  and  with  the  radius  of  the 
circle  as  radius,  describe  arcs  intersecting  in  A,  B,  C,  D ;  draw  A 
B,  B  D,  D  C,  C  A.     A  B  C  D  is  the  required  square. 


The  Measurement  of  Angles. — For  the  measurement  of  angles,  the 
circumference  of  the  circle  is  divided  into  360  equal  parts  called 
degrees.  The  sign  of  a  degree  is  this  (°).  If  two  diameters  of  the 
circle  be  drawn  perpendicular  to  each  other,  they  will  divide  the 
circle  into  four  equal  parts,  each  of  which  will  contain  the  fourth  of 
360°,  that  is,  90°.  As  these  lines  are  at  right  angles  to  each  other, 
it  follows  therefore  that  a  right  angle  contains  90°.  An  obtuse  angle 
will  contain  more  than  90°,  because  it  is  greater  than  a  right  angle, 
and  an  acute  angle  less  than  90°,  because  it  is  less  than  a  right  angle. 


Prob.  67. — To  consti-uct  an  angle  of  45°  atpoint  B  on  a  gioen  line 
A  B. 

Draw  any  line  A  E.     By  Prob.  5,  erect  a  perpendicular  at  point 
B.     ABC  will  therefore  be  a  right  angle,  that  is,  an  an<de  of  90°. 
Bisect  the  right  angle,  and  draw  the  line  D  B.     D  B  A  is  an  ano-le 
of  45°.     If  the  right  angle  is  trisected,  it  will  give  an  angle  of  30° - 
and  one  of  60°. 
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Prob.  68. — At  a  point  C  in  the  line  A  B,  to  male  an  angle  of  60°, 
I;  45°,  30",  or  15°. 

Draw  any  line  A  B.     "With  centre  C  and  with  any  radius,  de- 
scribe an  arc,  cutting  A  B  in  I ;  with  centre  I,  same  radius,  cut  the 
It  arc  in  D ;  draw  D  C  ;  it  will  make  an  angle  of  60°  with  A  B.     Bisect 
angle  D  C  A  by  line  E  C ;  E  C  will  make  an  angle  of  30°  with  A 
;  B.     Bisect  angle  E  C  A  by  line  FC;FC  will  make  an  angle  of 
|  1S°  with  A  B.     Bisect  angle  E  C  D  by  line  G  C  ;  G  C  will  make 
an  angle  of  45°  with  A  B. 

Pkob.  69.— To  construct  an  angle  of  1°,  2°,  3°,  4°,  or  5°.  ° 
Construct  an  angle  A  B  C  of  60°  by  Prob.  68  ;  besect  it  by  D  B ; 


divide  D  C  on  the  arc,  with  the  compasses,  into  three  equal  parts ; 
divide  the  lower  division  into  two  equal  parts,  and  divide  the  lower 
half  of  this  into  five  equal  parts;  these  will  respectively  equal  1°,  2°, 
3°,  4°,  and  5°. 

The  three  angles  of  a  triangle  added  together  contain  180°,  which 
is  equal  to  two  right  angles.  If,  therefore,  the  number  of  degrees 
in  two  of  the  angles  are  given,  the  third  angle  maybe  known  in  this 
manner :  Suppose  angle  B  contains  90°,  A  60°,  which  together  will 
make  150°,  the  third  or  C  will  contain  30°,  and  the  whole  will  equal 
180°.  If  the  three  angles  are  equal,  as  in  the  equilateral  triangle, 
then,  as  the  three  together  equal  180°,  each  angle  must  equal  one 


third  of  180°,  or  60°.  In  an  isosceles  triangle,  if  the  number  of  de- 
grees in  an  angle  at  the  base  be  given,  and  it  be  required  to  find 
the  value  in  degrees  of  the  vertical  angle,  multiply  the  number  of 
degrees  in  one  angle  at  the  base  by  2,  and  the.  difference  between 
the  product  and  ISO0  will  equal  the  number  of  degrees  in  the  verti- 
cal angle. 

Prob.  70.  —  On  a  given  base  A  B,  to  construct  a  Irianule  liavina 
angles  of  60°,  30°,  and  90°. 

Draw  a  line  A  B.  At  B  construct  a  right  angle,  that  is,  erect  a 
perpendicular ;  at  A  make  an  angle  of  60°,  by  Prob.  68  ;  continue  the 
line  until  it  cuts  the  perpendicular  erected  at  B  in  point  C.  ABC 
is  the  required  triangle. 


Prob.  71.  —  To  construct  an  isosceles  triangle  on  a  given  base  A  B 
having  a  vertical  angle  of  90°. 

Draw  A  B.  The  two  angles  at  the  base  of  an  isosceles  triangle 
are  equal ;  and  as  the  vertical  angle  is  to  be  90°,  each  angle  at  the 
base  will  be  half  of  90°,  or  45°.  At  point  A  make  a  right  angle; 
bisect  it,  thereby  making  angle  CAB  equal  to  45° ;  at  B  make  an 
angle  equal  to  C  A  B.     ABC  will  be  the  triangle  required. 


Prob.  72. —  To  draw  a  tine  from  a  given  point  A,  to  cut  a  line 
B  C  at  an  angle  having  a  required  number  of  degrees. 

Draw  a  line  B  C,  and  assume  any  point  A  above  it.  Let  the  angle 
required  be  60°.  Draw  a  line  A  D  through  A  parallel  with  line 
B  C.  On  A  D,  at  the  point  A,  make  an  angle  of  60°,  producing  the 
line  to  cut  B  C  in  E.  A  E  is  the  required  line.  If  the  angle  re- 
quired be  30°,  bisect  angle  D  A  E  in  line  A  F;  line  A  F  produced 
will  make  an  angle  of  30°  with  B  C. 

If  the  angle  required   be    90°,  drop  a   perpendicular  from  the 


given  point,  as  1,  to  cut  the  given  line  2  3  in  5 ;  1  5  will  make  90° 
with  2  3.  If  the  angle  required  be  45°,  bisect  the  angle  4  1  5  by  line 
1  6,  then  1  G  will  make  an  angle  of  45°  with  line  2  3. 

Prob.  73. —  To  place  two  given  lines  A  B  and  C  D  at  right  angles 
at  their  centres. 

Draw  a  line  E  F  equal  to  the  given  line  A  B ;  bisect  it  in  O  by 
a  perpendicular.  Bisect  CD;  set  off  half  of  C  D  on  the  line  bisect- 
ing A  B  in  G  _H.  E  F  and  G  H  will  be  equal  to  A  B  and  C  D,  and 
be  placed  at  right  angles  at  their  centres. 
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Peob.  74.  —  Within  a  given  square  ABCB.to  inscribe  four  equal 
circles,  each  touching  two  others  and  two  sides  of  the  square. 

Construct  a  square  A  B  CD.  Draw  the  diagonals,  and  the  di- 
ameters E  F  G  H.  Join  the  Extremities  of  the  diameters  by  lines 
intersecting  the  diagonals  in  points  12  3  4,  which  are  the  centres  of 
the  required  circles.  The  hall  of  line  1  2,  as  1  5,  will  give  the  radius 
of  the  circles,  which  may  be  struck  and  the  figure  completed. 


Prob.  75. —  Within  a  given  square  ABCD/o  inscribe  four  equal 
circles,  each  touching  two  others  and  one  side  of  the  square. 

Draw  a  square  ABCD,  and  its  diagonals  and  diameters.  Bisect 
the  angle  formed  by  any  side,  as  A  B,  with  any  diagonal,  as  B  D, 
producing  the  bisecting  line  to  cut  the  diameter  in  1.  1  will  be  the 
centre,  and  1  H  the  radius  of  one  circle.  From  the  centre  of  tbe 
square  I,  with  radius  I  1,  cut  the  diameter  in  2  3  4,  the  centres  of 
the  three  remaining  circles. 


Prob.  76.  —  To  construct  any  number  of  tangential  arcs  of  circles, 
—  as  a  cinquefoil,  for  example,  having  a  given  diameter. 

Upon  a  given  diameter  A  B,  as  a  base,  construct  a  regular  pen- 
tagon. From  each  angle  of  the  pentagon  as  a  centre,  and  with  a 
radius  of  half  the  base,  describe  the  five  arcs.  If  three  foils  are  re- 
quired, construct  an  equilateral  triangle  ;  if  four,  a  square  ;  if  six,  a 
regular  hexagon,  and  with  half  the  base  as  radius,  strike  the  required 
arcs.     Draw  the  exercises  larger  than  the  given  copies. 


Prob.  77. —  Within  a  given  square  to  inscribe  four  semicircles,  each 
touching  two  sides  of  the  square,  and  their  diameters  forming  a  square. 

Draw  a  square  ABCD.  Draw  the  diagonals  and  diameters. 
Bisect  H  B  and  F  C  in  L  and  K.  Draw  L  K,  cutting  the  diame- 
ter E  F  in  M.  Set  off  the  distance  0  M  on  the  semidiameters  in 
N  P  Q.  Join  these  points.  Where  the  lines  intersect  the  diagonals 
in  1  2  3  4  will  be  the  centres  of  the  required  semicircles,  1  M  being 
the  radius. 

Prob.  78. —  Within  a  given  square  to  inscribe  four  semicircles,  each 
touching  one  side  of  the  square,  and  their  diameters  forming  a  square. 


Draw  a  square  ABCD.  Draw  its  diagonals  and  diameters  A 
C,  B  D,  E  F,  G  H,  and  then  the  diagonals  of  the  smaller  squares  E 
G,  E  H,  F  G,  F  H.  Draw  lines  joining  the  centres  of  the  smaller 
squares,  thereby  obtaining  points  1,  2,  3,  4,  which  are  the  centres  of 
the  semicircles  touching  one  side  ot  the  square.  1  G  being  the  radius. 

Prob.  79.  —  Within  or  about  a  given  triangle  A  B  C,  to  draw  a 
similar  triangle  having  a  given  base,  as  D  E  or  F  G,  the  correspond- 
ing sides  of  the  triangles  to  be  parallel. 

To  draw  the  triangle,  base  D  E,  within  the  given  triangle  A  B  C, 


set  off  D  E  on  A  B  in  1.  Bisect  the  angles  at  A,  B,  and  C,  produ- 
cing the  lines  of  bisection  until  they  meet  in  O.  Draw  from  1  a  line 
parallel  to  A  O,  to  cut  B  O  in  2.  From  A  set  off  the  distance  1  2 
in  point  3.  Draw  3  2,  and  from  3  and  2  draw  lines  parallel  with 
A  C  and  B  C,  to  meet  0  C  in  4.  3  2  4  is  the  required  triangle.  To  i 
draw  the  triangle  about  the  given  triangle,  produce  O  A,  O  B,  and 
O  C,  beyond  ABC.  Make  B  5  equal  to  F  G.  Draw  5  H  parallel 
with  B  O.  From  H  draw  H  I  and  H  K  parallel  with  A  B  and 
A  C.     Draw  Kl     H  K  I  is  the  required  triangle. 


THE 


AMEEICM  DRAWING-MODELS 

"*        FOR  TELE  USE  OF 

Common  Schools,  Drawing  Classes,  and  Schools  of  Art  and 
Science. 

Manufactured  at  the  Washburn  Machine-Shop,  connected  vntk  tke  Free 
Institute  of  Industrial  Science,  Worcester,  Mass., 

FR03I  DESIGNS  BY 

PROF.   WALTER    SMITH, 

STATE  DIRECTOR  OF  ART  EDUCATION  FOR  MASSACHUSETTS. 


The  increasing  demand  for  Art  Education,  and  its  general  adoption 
as  a  branch  of  common-school  instruction  by  the  Legislature  of  Massa- 
chusetts, has  rendered  it  necessary  that  a  supply  of  proper  models  with 
which  to  convey  this  instruction  should  be  produced.  The  managers 
of  the  "Worcester  Technical  School,  having  all  the  facilities  for  pro- 
ducing such  works,  and  anxious  to  aid  the  cause  of  Artistic  and  Scien- 
tific Education,  have  obtained  designs  for  a  complete  set  of  models, 
from  Prop.  Walter  Smith,  Director  of  Art  Education  for  the  State 
of  Massachusetts,  whose  position  will  be  a  sufficient  guaranty  of  their 
quality  and  arrangement. 

The  models  are  made  from  the  best  materials,  in  a  perfect  and  work- 
manlike manner ;  and  by  reason  of  extensive  machinery  specially  fitted 
up  for  this  work,  the  models  are  produced  with  accuracy,  at  a  much  less 
price,  than  would  be  possible  otherwise.  Each  model  being  made  to 
dimensions,  these  sets  are  equally  suited  to  all  kinds  of  Free-Hand, 
Instrumental,  and  Perspective  Drawing. 

Set  No.  1 

Consists  of  thirty  pieces,  selected  from  the  most  useful  and  beau- 
tiful geometrical  figures  and  curved  forms,  and  includes  the 
New  Adjustable  Model-Stand.     Price,  with  box         .        $20 

Set  No.  2 

Consists  of  ten  wooden  vases,  duplicated  from  the  Greek  originals. 

Price,  with  box  ......         $10 

Set  No.  3 

Consists  of  four  large  models  for  lectures  and  instructions  to  classes :  — 

1.  Cube,  fifteen  inches  side. 

2.  Cone,  with  base  twelve  inches,  altitude  eighteen  inches. 

3.  Cylinder,  base  twelve  inches,  altitude  eighteen  inches. 

4.  Hexagonal  Prism,  base  twelve  inches,  length  twenty-four 

inches. 
Price,  with  box  ...  .  $15 

Set  No.  4 

Is  intended  for  Primary  Schools,  and  consists  of  twelve  pieces, 

which  comprise  the  common  geometrical  figures.  Price,  with  bos  $10 

Tlie  above  prices  are  all  net  prices. 

Messrs.  James  H.  Osgood  &  Co.,  the  Publishers  of  these  Books, 
are  the  Sole  Agents  for  these  Models. 


GEOMETRIC  SOLIDS. 


NAMES   OF  GEOMETEIC   SOLIDS. 

The  names  of  the  geometric  solids  comprised  in  the  American  Draw- 
ing-Models, and  which  are  most  commonly  used  in  teaching  Model 
Drawing,  are  here  given,  together  with  illustrations  of  the  forms  them- 
selves :  — 
Planes.  —  No.  1,  Circular;  2,  Triangular;  3,  Square;  4,  Hexagonal 

Planes. 
Plinths.  —  No.  5,  Circular  Disk  ;   6,  Triangular  Plinth ;  7,  Square 

Plinth;  8,  Hexagonal  Plinth. 
Prisms.— No.  9,  Cylinder;  10,  Triangular  Prism;   11,  Rectangular 

Prism,  or  Oblong  Block  (Parallelopipedon) ;  12,  Hexagonal  Prism. 
Pyramids.  —  No.  13,  Cone;    14,  Triangular    Pyramid;    15,  Rect- 
angular or  Right  Pyramid  ;  16,  Hexagonal  Pyramid. 
Other  Solids.  — No.  17,    Sphere;    18,  Frustrum  of  a  Cone;    19, 

Cube  ;  20,  Flight  of  four  Steps. 
Frames. —No.  21,   Circular  Frame;    22,  Triangular  Frame;   23, 

Square  Frame  ;  2-i,  Hexagonal  Frame. 
Various  Solids. — No.  25,  Cross;  26,  Double  Cross;  27,  Skeleton 

Cube ;  28,  Skeleton  Rectangular  Block. 

DEFINITIONS. 

Planes.  — A  plane  has  length  and  breadth,  but  no  thickness. 

The  first  word  describes  the  character  of  the  plane ;  thus,  a  circular 
plane,  or  a  hexagonal  plane.  Unless  otherwise  stated,  the  names 
hexagonal,  triangular,  &c.,  refer  to  regular  forms ;  i.e.,  to  hexa*- 
gons,  triangles,  &c.,  having  equal  sides  and  angles. 

Plinths.  — A  plinth  is  a  cross-section  of  a  prism. 
If  the  length  of  the  axis  of  a  prism  be  shorter  than  its  diameter,  it  is 
commonly,  by  draughtsmen,  described  as  a  plinth.     It  is  simply  a 
slice  cut  from  the  end  of  a  prism. 

Prisms.  —  A  prism  is  a  geometrical  solid  having  two  faces  (ends)  or 
bases  which  are  equal  and  parallel,  and  whose  sides  are  parallelo- 
grams. 
It  is  a  right  prism  when  the  bases  and  sides  are  perpendicular  to  each 
other,  and  an  oblique  prism  when  the  planes  of  the  base  and  sides 
are  not  right  angles.  A  line  from  centre  to  centre  of  each  base  is 
called  the  axis  of  the  prism. 

Pyramids.  —  A  pyramid  is  a  geometrical  solid  having  a  regular 
polygon,  square,  or  triangle  as  its  base,  and  its  sides  composed  of 
triangles  having  a  common  vertex.  A  right  pyramid  has  its  axis 
and  base  perpendicular  to  each  other. 

A  Sphere  is  a  solid  bounded  by  a  curved  surface,  every  point  in 
which  is  equally  distant  from  a  point  within  it,  called  the  centre. 
It  is  described  by  the  revolution  of  a  semi-circle  on  the  diameter. 

A  Frustum  of  a  Cone  is  that  part  of  the  solid  which  is  cut  off 
by  a  plane  parallel  to  the  base. 

A  Cube  is  a  rectangular  parallelopipedon,  whose  six  faces  are  all 
square  planes. 

A  Flight  of  Steps  (not  a  geometric  solid)  is  composed  of  two  planes, 
vertical  and  horizontal;  the  first  being  called  the  riser,  and  the  sec- 
ond the  tread. 

Frames.  —  A  Frame,  unless  otherwise  specified,  is  a  regular  geome- 
tric shape  composed  of  prisms,  square  in  the  section  perpendicular 
to  their  axes. 
The  Circular  Frame  is  an  exception  to  this,  though  a  section  made  by 
a  radius  of  its  base  will  be  square  also. 

Various  Solids. 
A  Cross  is  the  intersection  of  two  or  more  similar  prisms. 
A  Double  Cross  is  the  junction  of  two  crosses  having  a  common 

vertical  stem. 
A  Skeleton  Cube  is  composed  of  right  prisms,  square  in  section,  and 

made  into  the  form  of  a  cube. 
A  Skeleton  Rectangular  Block  is  composed  of  right  prisms,  square 
in  section,  made  into  the  form  of  a  parallelopipedon. 


THE 


AMERICAN  TEXT-BOOKS  OF  ART  EDUCATION, 


PREPARED    BY 


PROF.    WALTER    SMITH, 


Late  Head  Master  of  the  Leeds  (England)  School  of  Art  and  Science  and  Training  School  for  Art  Teachers ;  and  now  Professor  of  Art  Education  in  the  City  of  Boston 
Normal  Art  School;  General  Supervisor  of  Drawing  in  the  Boston  Public  Schools,  and  State  Director  of  Art  Education 

for  the  Commonwealth  of  Massachusetts. 


This  Series  of  text-books  will  be  completed  during  the  present  year,  and  will  form  a  complete  and 
systematic  course  of  instruction  in  Drawing.  The  whole  series  has  been  prepared  with  special  refer- 
ence to  the  want,  now  so  generally  felt  by  all  educators,  for  some  practical  text-books  on  the  subject  of 
Art  Education,  which  should  embody  principles  and  methods  of  teaching  Drawing  as  a  comprehensive 
and  important  branch  of  study,  and  at  the  same  time  be  adapted  to  use  in  common  schools. 

The  plan  of  the  books  is  the  first  systematic  effort  made  in  this  country  to  cover  the  whole  field  of 
Art  Education  for  schools,  by  embracing  every  subject  included  under  the  head  of  Elementary 
Drawing.  Pupils  going  through  the  course  in  all  the  subjects  will  be  thoroughly  grounded,  and  pre- 
pared either  for  practical  industrial  art  or  the  further  professional  study  of  the  fine  arts. 

The  series  of  books  are  also  specially  adapted  for  pupils  in  the  Free  Industrial  Evening  Classes, 
providing  copies,  drawing  paper,  and  instruction  in  the  most  convenient  form.  The  provision  of  the 
books  is  the  most  economical  way  in  which  school  committees  can  offer  industrial  art  education  to 
students  of  Evening  Classes. 

The  complete  series  includes  text-books  on  the  following  subjects,  and  arranged  on  the  general  plan 
of  the  Free-Hand  Books :  — 

Free-Hand  Outline  Drawing. 

IModel  and   Object  Drawing. 

3?lane    Geometrical   Drawing. 

^Perspective   Drawing. 

[Mechanical   Projection  and  Drawing. 

The  text-books  of  Free-Hand  Drawing  are  intended  to  be  used  simultaneously  with  those  in 


Geometrical  Drawing,  the  lessons  in  the  latter  subject  alternating  with  Free-Hand  lessons  as 
described  on  page  2  of  this  cover. 

The  two  subjects  of  Free-Hand  and  Geometrical  Drawing  have  the  same  kind  of  relation- 
ship to  each  other  as  the  two  subsequent  subjects,  those  on  (1)  Model  and  Object  Drawing,  and 
(2)  Perspective  Drawing,  the  two  latter  being  the  next  subjects  taken  in  the  course  of  study. 

Free-Hand  and  Geometrical  Drawing  practised  together  have  the  most  important  and  valu- 
able influence  upon  each  other,  and  neither  can  be  satisfactorily  pursued  unless  illustrated  by  the 
knowledge  and  power  given  by  the  other.  j 

Of  Model  and  Object  Drawing  and  Perspective  Drawing  the  same  may  be  said,  though 
it  is  possible  to  teach  drawing  from  objects  without  the  pupil's  having  a  profound  knowledge  of  per- 
spective ;  yet  every  object  which  is  drawn  scientifically  in  perspective  will  make  the  representation 
of  a  similar  object  by  model  drawing  a  comparatively  simple  matter  ever  afterwards  to  the  pupil. 

The  fifth  book,  Mechanical  Projection  and  Drawing,  gives  the  principles  of  drawing  plana 
and  elevations,  by  which  architects,  engineers,  and  mechanical  draughtsmen  represent  their  works. 
It  follows  the  study  of  Geometrical  and  Perspective  Drawing,  and  becomes  a  practical  intro-' 
duction  either  to  the  drawing-office  or  the  workshop,  while  pupils  of  day  schools  will  be  preparedd 
by  its  course  of  exercises  for  admission  into  technical  schools  or  professional  study. 

For  each  subject  a  Teacher's  Manual  will  be  prepared  for  the  special  use  of  teachers,  giving  all  the 
exercises  contained  in  the  Drawing  Books,  as  well  as  many  others  beside.  The  object  of  the  ManuaU 
is  to  furnish  the  teachers  not  only  with  full  explanations  of  the  Drawing  Books,  but  also  to  give  them 
valuable  and  practical  suggestions  as  to  the  best  method  of  illustrating  and  teaching  the  principles  ofrf 
Drawing. 

The  author  has  prepared  a  manual  for  the  use  of  primary  teachers,  containing  full  and  explicit  direc- 
tions how  to  teach  drawing  to  young  children,  and  also  what  to  teach.  The  manual  is  accompanied' 
by  a  progressive  course  of  card  exercises  for  slate  drawing,  adapted  to  the  capacities  of  young  pupils, 
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Entered,  according  to  Act  of  Congress,  in  the  year  1873,  bv  James  R.  Osgood  &  Co.,  in  the  Office  of  the  Librarian  of  Congress,  at  Washington. 


GEOMETRICAL     DRAWING, 

GENERAL   DIRECTIONS  TO    TEACHER   AjYD  PUPIL. 


FOR   THE    TEACHER. 


THE    INSTRUMENTS    AND    THEIR    USE. 

The  accuracy  of  Geometrical  Drawing  depends  on  the  care  used  both  in 
working  with  the  compasses,  describing  arcs,  and  in  the  ruling  of  straight 
lines  through  points  of  intersection.  Before  commencing  a  lesson  the  teacher 
should  therefore  see  that  the  compass-pencils  and  drawing-pencils  of  the  pupils 
are  as  sharply  pointed  as  possible. 

Tue  Patent  American"  Square  (see  cut  in  next  column),  arranged  with 
several  scales  and  containing  a  protractor,  having  been  prepared  by  the  author 
for  the  special  purpose  of  Geometrical,  Perspective,  and  Mechanical  Drawing 
as  taught  in  this  course,  is  recommended  to  the  notice  of  teachers.  It  can 
be  obtained  of  the  Publishers  of  these  books. 

In  using  the  American  Square  for  Geometrical  Drawing  it  should  be  treated 
simply  as  a  ruler  and  scale,  not  as  a  protractor.  When  a  problem  involving 
the  measurement  of  angles  is  given,  the  work  must  be  done  as  directed  in  the 
text;  but  if  it  be  required  to  test  the  accuracy  of  the  work,  i.  c.  whether  an 
angle  which  should  contain  a  required  number  of  degrees  does  really  contain 
that  number  or  not,  then  the  protractor  may  be  used  as  a  test  of  the  accuracy 
of  the  work.  Nor  are  the  angles  of  the  square  to  be  used  for  making  the 
angles  of  90°  or  45°,  in  geometrical  drawing.  A  problem  must  explain  itself 
and  prove  itself  by  the  process  of  its  working,  and  nothing  is  assumed  to  be 
accurate  unless  the  means  for  securing  accuracy  are  displayed. 

The  compasses  must  be  held  by  the  head,  with  the  thumb  and  first  two 
fingers,  the  legs  being  untouched  by  the  fingers. 

The  pupils  should  be  taught  to  bear  very  lightly  on  the  pencil-leg  of  the 
compasses,  and  to  strike  circles  or  arcs  from  the  fingers,  and  not  from  the 
wrist.  The  pencil  should  be  held  nearly  upright  in  ruling  lines,  and  its  point 
should  be  like  the  point  of  a  screw-driver,  not  conical  as  for  free-hand  draw- 
ing ;  this  applies  also  to  the  compass-pencil. 

The  illustration  of  pencil-points,  compasses,  and  square  will  show  how 
the  points  are  to  be  made,  and  the  kind  of  compasses  and  ruler  recom- 
mended. In  Geometrical  Drawing  the  teacher  should  insist  on  practical 
accuracy  of  result  from  the  first,  and  as  the  mechanical  means  for  obtaining 
it  arc  in  the  hands  of  the  pupil,  it  is  merely  a  question  of  teaching  and  habit 
whether  the  Problems  be  accurately  or  inaccurately  done. 

The  teacher  should  insist,  from  the  first,  that  all  points  be  figured  as  obtained, 
and  every  point  used  be  distinguished  by  a  separate  letter  or  numeral. 

THE    EXERCISES    AND    THE    METHOD    OF    WORKING    THEM. 

A  page  of  this  book  will  be  sufficient  for  half  an  hour's  lesson.  The  teacher 
should  work  each  Problem  carefully  on  the  blackboard,  as  largo  as  possible, 
the  result  lines  being  twice  as  thick  as  the  conditional  and  working  lines, 
and  the  pupils  should  work  with  him,  drawing  in  their  books. 

It  will  be  found  advisable  to  give  occasional  lessons  as  exercises  of  the  mem- 
ory; i.  c.  instead  of  giving  fresh  Problems,  to  write  down  the  statements  of 
Problems  given  at  previous  lessons,  and  allow  the  pupils  to  work  them  from 
memorv,  without  the  assistance  of  diagrams. 


The  blank  pages  are  intended  for  the  memory  exercises, 
the  Problems  to  be  dictated  by  the  teacher,  and  written  by  the 
pupils  in  the  space  used  for  the  enunciation  and  description  in  the 
printed  part  of  the  book.  The  Problem  is  then  to  be  worked  en- 
tirely from  memory  in  the  space  allotted.  The  pupil  is  not  to  be 
allowed  to  refer  back  to  the  Problem  already  worked  in  the  book, 
but  the  teacher  may  give  notice  to  the  class  that  the  next  mem- 
ory lesson  will  be  certain  Problems,  naming  them,  in  order  to 
give  the  pupils  au  opportunity  to  refresh  their  memories  a  day  or 
two  before  the  exercise. 

There  are  thirty-six  Problems  in  each  book,  so  that  a  selection 
should  be  made  by  the  teacher  of  the  most  difficult  or  improving 
Problems  in  the  thirty-six,  for  repetition  as  memory  lessons. 

The  Problems  may  be  worked  by  pupils  either  the  same  size 
as  the  copy  or  larger  or  smaller  than  it,  according- to  the  direc- 
tions of  the  teacher,  which  should  be  stated  at  first.  But  the 
pupils  must  be  taught  that  they  are  working  from  the  board,  and 
that  the  printed  diagrams  in  their  books  are  to  show  them  how  to 
finish  their  work  only,  size  being  of  no  importance  to  the  accu- 
racy of  their  drawing. 


Scale  of  £,  i,  i,  of  ax  Inch. 


FOR   THE    PUPILS. 

A  worked  Problem  in  Geometrical  Drawing  may  be  divided,  for  conven- 
ience, into  three  parts; 
1st.  The  conditions; 
2d.  The  working ; 
3d.  The  result. 
Thus,  in  Problem  5,  which  is  "  To  erect  a  perpendicular  to  a  given  line  A  B,  at 
its  extremity,"  the  given  line  A  B  and  its  extremity  B  are  the  conditions,  the 
first  part ;  the  dotted  lines,  the  arcs  described,  are  the  working  by  which  the 
result  is  obtained,  and  are  the  second  part ;  and  the  perpendicular  itself,  B,  is 
the  result,  or  the  third  part. 

To  distinguish  these  separnte  features  is  very  necessary  for  a  clear  under- 
standing of  a  Problem,  and  to  facilitate  this  three  distinct  kinds  of  lines  ara| 
employed  in  the  illustrations: 

The  first,  or  conditions,  being  the  thin  lines 


The  second,  or  working  lines,  being  dotted  lines 
The  third,  or  result  lines,  being  thick  lines        ■ 


so  with  a  single  glance  at  the  illustration  the  pupil  may  see,  1st,  what  has* 
to  be  done ;  2d,  how  it  has  been  done ;  3d,  the  figure  when  done. 

"When  working  from  the  blackboard,  the  pupil  need  make  no  difference 
between  the  conditional  lines  and  the  working  lines,  but  the  result  lines  should  i 
be  made  darker  than  the  others. 

It  will  be  seen,  by  referring  to  the  illustrations,  that  both  letters  and  nu- 
merals are  used  in  the  description;  this  is  also  to  help  make  the  Problems- 
more  intelligible.  The  letters  arc  used  for  points  in  the  conditions  and  results,., 
the  numerals  in  the  working.  When  points  in  the  working  will  form  part  of1 
the  description  of  the  result,  then  letters  are  used;  but  when  it  is  necessary-; 
to  use  points  in  the  working  which  form  no  part  of  the  result,  then  numerals,' 
arc  used.  The  numerals  may  also  assist  in  showing  how  the  work  is  done! 
by  indicating  the  steps  taken :  thus,  point  1  will  be  the  first  point  in  the  work- 
ing, either  assumed  or  obtained  ;  point  2  will  be  a  consequence  of  the  use  opl 
point  1  ;  the  point  3  will  result  from  the  use  of  2  ;  and  so  on, 

The  pupil  will  follow  his  teacher's  directions  as  to  making  the  problem;i 
worked  the  same  size,  or  larger  or  smaller  than  the  copy  in  the  book,  but  thq< 
diagram  is  never  to  be  measured,  unless  the  order  be  given  to  work  it  exactly/ 
the  size  of  the  copy.  The  conditions  or  given  lines  may  then  be  measured  with! 
the  ruler,  to  ascertain  their  exact  dimensions ;  but  the  working  lines  are  not  to> 
be  measured,  but  made  in  any  proportion  that  will  give  accurate  results. 

In  working  the  Problems,  let  the  working  lines,  such  as  the  intersecting  arcs, 
be  made  with  as  long  a  radius  as  the  Problem  will  permit,  and  the  intersect-- 
tions  be  as  much  as  possible  at  right  angles : 


thus 


x 


(Fig.  1.1     not  thus 


4-' 


(Fig.  2.) 


The  point  of  intprsection  in  Fig.  1  is  more  distinctly  marked   than  in  Fig, 
2,  and  the  work  depending  on  it  will  be  likely,  therefore,  to  be  more  accurate. 


Fkoe.  80. —  To  divide  a  circle  into  any  number  of  parts,  which  shall 
be  equal  both  in  area  and  outline. 

Draw  a  circle.  Draw  any  diameter,  1  2.  Divide  it  into  the  re- 
quired number  of  parts,  four  for  example,  in  the  points  3,  4,  o.  Bisect 
1  3,  and  strike  a  semicircle  on  it  above  the  line  1  3,  and  on  5  2  strike 
a  similar  one  below  the  line.  Bisect  the  part  3  2  of  the  line  1  2, 
and  describe  a  semicircle  below  the  line,  and  then  describe  a  similar 
one  on  1  o  above  the  line.  With  3  and  5  as  centres,  and  3  1  as 
radius,  describe  semicircles  above  and  below  the  line  1  2,  respectively. 

Prob.  81. —  To  construct  any  requ/ar  figure,  from  one  having  three 
sides  to  one  having  twelve  sides,  on  a  given  base  A  B. 

Draw  a  base  A  B.  Bisect  A  B  by  a  perpendicular,  and  with 
centre  A,  radius  A  B,  describe  an  arc,  cutting  the  perpendicular  in 


6.  Divide  the  arc  6  B  into  six  equal  parts.  6  is  the  centre,  and 
6  A  the  radius  of  a  circle,  in  which  a  hexagon  may  be  described  on 
A  B.  For  a  pentagon,  mark  off  the  distance  6  o  on  the  perpendicu- 
lar in  5,  and  with  o  as  centre,  6  A  as  radius,  describe  the  circum- 
scribing circle.  For  a  nonagon,  mark  off  the  distance  from  6  to  3 
above  6  on  the  perpendicular,  and  for  the  duodecagon  mark  off  the 
distance  from   6  to  B,  for  the  centres  of  the  circumscribing  circles. 

It  will  be  observed  that  for  a  hexagon  6  is  the  centre  of  a  circum- 
scribing circle,  and  that  for  every  side  beyond  six  in  a  required 
figure,  one  division  of  6  B  is  marked  above  6  on  the  perpendicular, 
to  find  the  centre  of  the  circle.  Thus  7,' 8,  9,  10,  11,  12  are  the 
centres  of  circumscribing  circles  for  polygons  having  a  correspond- 
ing number  of  sides. 


Pltou.  82.  —  Within  a  given  circle  to  inscribe  any  number  of  pqual 
circles. 

Draw  a  circle.  If  the  number  of  circles  to  be  inscribed  is  uneven, 
as  five  for  example,  divide  the  circumference  of  the  circle  into  tin- 
same  number  of  parts  as  circles  to  be  inscribed,  as  in  Prob.  39,  in 
points  1,  2,  3,  4,  5.  Draw  lines  from  these  points  to  ike  centre  6; 
draw  a  tangent  to  the  circle  at  any  one  of  these  points,  as  2  ;  bisect 
the  angle  at  the  centre  of  the  circle  on  either  side  of  line  2  C,  pro- 
ducing line  4  6  until  it  cuts  the  tangent  in  7  ;  bisect  angle  2  7  G, 
producing  the  line  until  it  cuts  2  6  in  8  ;  8  is  the  centre,  and  8  2  the 
radius  of  one  of  the  circles  to  be  inscribed.  With  centre  6,  radius 
G  8,  describe  a  circle  to  find  the  other  centres  on  lines  1,  3,  4,  5,  and 
with  these  centres,  radius  8  2,  describe  the  required  circles. 


Prob.  82.  —  Wilkin  a  given  circle  to  inscribe  any  number  of  equal 
circles. 

Let  the  example  be  to  inscribe  six  circles.  _  Divide  the  circum- 
ference, and  draw  line3  to  the  centre  from  the  divisions,  as  in  the  last 
problem;  also  draw  the  tangent  to  one  line,  as  at  point  1,  in  line 
1  2 ;  bisect  the  angle  1  3  2  by  Prob.  8  ;  the  bisecting  line  gives  the 
centre  4,  of  one  circle.  Describe  a  circle  from  2  as  centre,  with  2  4 
as  radius,  giving  points  5,  G,  7,  8,  9,  the  centres  of  the  remaining 
circles.  Proceed  in  like  manner  to  inscribe  any  other  even  number 
of  circles. 


Prob.  83.  —  Within  a  gicen  circle  to  inscribe  any  number  of  equal 
semicircles^  with  the  ends  of  the  diameters  touching  one  another. 

As  in  the  Inst  problem,  divide  the  circumference  of  the  circle  into 
as  many  equal  parts  as  semicircles  to  be  inscribed,  in  points  1,  2,  3, 
4,  5;  from  these  points  draw  diameters;  from  any  point,  as  1,  draw 
a  line  at  an  angle  of  45°  to  the  diameter  from  1,  cutting  the  adjacent 
diameter  in  point  7  ;  do  this  b}'  erecting  a  perpendicular  and  bisect- 
ing the  right  an<;le.  Set  otFtbc  distance  G  7  on  each  alternate  semi- 
diameter  from  7,  in  points  8,  0,  10,  11  ;  draw  7  8,  8  0,  etc.,  and  these 
lines  will  form  the  diameters  of  the  required  semicircles.     Where 


these  diameters  intersect  the  diameters  of  the  large  circle  will  be 
the  centres  of  the  semicircles,  and  the  distance  from  the  intersections  i 
to  1,  2,  etc.,  will  be  their  radii.     This  rule  applies  to  all  uneven 
numbers  of  required  semicircles. 

Prob.  83.  —  If  an  even  number  of  inscribed  semicircles  is  required, 
as  four,  six,  or  eight,  ibr  example,  draw  the  diameters  from  the  divi- 
sions 1,  2,  3,  etc.,  as  in  the  last;  problem,  and  bisect  the  angles  at  the 
centre  of  the  circle  for  other  diameters  as  shown  in  the  diagram,  and 
proceed  as  with  the  method  for  uneven  numbers. 
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Prob.  84. — To  describe  a  circle  having  a  given  radius  A  B,  tan- 
gential to  a  given  line  C  D,  and  touching  a  given  circle;  the  given  line 
and  circle  being  at  a  distance  from  each  other  less  than  the  diameter  of 
the  required  circle. 

Draw  a  line  1  2  parallel  to  C  D,  at  tlio  distance  of  A  B  from  it. 

Draw  a  radius  E  F  of  the  given  circle,  and  produce  it  to  3,  making 

F  3  equal  A  B.     With  centre  E,  radius  E  3,  describe  an  arc  cutting 

ill  2  in  4,  and  4  will  be  the  centre  of  the  required  circle,  A  B  being 

the  radius. 


Prob.  85.  — Within  a  given  triangle  A  B  C,  to  inscribe  an  oblong 
having  a  given  side  D  E. 

From  B  set  off'  B  1  equal  to  D  E,  on  the  side  B  C.  From  1  draw 
a  line  parallel  to  A  B,  to  cut  A  C  in  F.  Mark  oil'  B  G  equal  to  1  F 
on  the  line  B  A.  Draw  F  G.  From  G  let  fall  a  perpendicular 
G  H  to  B  C.  From  H  mark  off  line  G  F  on  B  C  in  1.  Draw  F  I. 
G  H  I  F  is  the  required  oblong. 


Prob.  8G. —  To  inscribe  a  square  in  a  given  trapezium,  which  has 
adjacent  pairs  of  sides  equal,  as  A  B  C  D. 

Draw  a  diagonal  A  B.  Find  the  centre  of  the  figure  in  point  1, 
by  bisecting  angle  C.  At  1  erect  a  perpendicular  to  A  B,  as  1  2, 
and  bisect  the  right  angle  on  cither  side  of  1  2,  producing  the  bisect- 
ing lines  until  they  cut  the  trapezium  in  E,  F,  G,  H.  Draw  E  F, 
F  G,  G  H,  H  E,  which  will  form  the  required  square. 
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Prob.  87. —  To  construct  an  ellipse,  its  diameters  A  B  and  C  D 
being  giuen. 

Place  A  B  and  C  D  at  right  angles  at  their  centres  O.  Find  the 
foci  of  the  ellipse  by  taking  half  of  A  B  as  radius,  and  C  as  centre, 
cutting  A  B  in  F  1  and  F  2.  Divide  the  distance  irom  O  to  F  1  in 
parts  decreasing  towards  F  1  ;  number  them  1,  2,  3,  4.  With  radii 
A  1,  A  2,  A  3,  A  4,  from  centre  F  1,  describe  arcs  between  C  A  and 
D  A.  With  radii  B  1,  B  2,  B  3,  B  4,  from  centre  F  2,  intersect  the 
arcs  already  struck  in  points  V,  %  3j  4C  Draw  the  curve  of  the 
ellipse  through  the  intersections.  Repeat  the  process  on  the  op- 
posite side  of  C  D,  for  the  other  half  of  the  ellipse.  The  student 
should  remember  that  the  arc  struck  from  F  1,  with  radius  A  1,  will 
be  cut  by  that  struck  from  F  2,  with  radius  B  1 ;  the  arc  of  radius 
A  2  will  be  cut  by  the  arc  of  radius  B  2,  and  so  on. 
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Prob.  S8.  —  Within  an  equilateral  triangle  A  B  C,  to  inscribe  three 
equal  circles,  each  touching  the  two  others  and  two  sides  of  the  triangle. 

Froui  A  and  C,  and  from  B  and  C,  describe  arcs  intersecting  in  2 
and  3.  Draw  A  3  and  B  2,  cutting  each  other  iu  point  1,  the  centre 
of  the  triangle.  Draw  C  4  through  point  1.  Bisect  angle  1  4  B, 
the  bisecting  line  cutting  B  2  in  5.  det  oft'  the  distance  1  5  from  1 
on  lines  C  4  and  A  3  in  points  6  and  7.  Then  5,  6,  7,  will  be  the 
three  centres  of  the  required  circles.  Draw  line  5  7,  and  5  8  will 
be  the  radius  of  the  required  circles. 
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Prob.  S9.  —  Within  an  equilateral  triangle  ABC,/o  inscribe  three 
equal  circles,  each  touching  the  two  others  and  one  side  of  the  tiianqle. 

Proceed,  as  in  the  last  problem,  to  find  the  centre  of  the  triangle, 
and  to  draw  lines  from  each  angle  through  the  centre  of  the  triangle 
to  the  opposite  side.  Bisect  the  angle  1  A  4,  producing  the  bisect- 
ing line  until  it  cuts  C  4  in  point  5.  Set  off  the  distance  1  5  from 
1  on  lines  A  3  and  B  2  in  points  6  and  7.  Then  5,  6,  7  will  be  the 
centres,  and  5  4  the  radius,  of  the  required  circles. 

If  it  be  required  to  inscribe  three  other  similar  circles,  each  touch- 
ing two  others,  and  two  sides  of  the  triangle,  from  centre  5,  with 
radius  5  6,  cut  the  lines  A  3  and  B  2  in  9  and  10,  and  from  centre 
6,  same  radius,  cut  C  4  in  8.     Then  8,  9,  10  will  be  the  centres  of. 
the  three  additional  circles. 


Prob.  90. —  To  construct  a  triangle  whose  angles  shall  be  equal  to 
those  of  a  given  triangle  ABC,  and  whose  periphery  or  outline  shall 
.  be  equal  to  a  given  line  D  E. 

At  D  and  E  make  angles  equal  to  those  at  A  and  B  respectively  ; 
bisect  the  angles  at  D  and  E,  producing  the  lines  until  they  meet  in 
F ;  bisect  lines  D  F,  E  F,  letting  the  bisecting  lines  cut  D  E  in  G 
and  H ;  draw  F  G  and  F  H ;  F  G  II  is  the  required  triangle. 


Prob.  91.  —  On  a  given  line  A  B,  to  construct  a  figure  similar  to  a 
given  figure  C  D  E  F  G. 

Draw  lines  from  C  and  D  to  the  angles  at  G,  F,  and  E ;  at  A  and 
B  make  angles  equal  to  those  at  C  and  D,  numbering  them  1,  2, 
and  3,  as  shown  in  diagram.  Where  the  line  from  A  through  1 
meets  the  line  from  B  through  1 ,  and  A  through  2  meets  the  line 
from  B  through  2,  etc.,  in  points  H.  I,  and  K  will  be  the  angles 
of  the  required  figure.  Draw  HI,  HK  to  complete  the  figure. 
ABKIH  will  be  similar  to  C  D  E  F  G. 


Prob.  92.  —  To  construct  an  ellipse,  its  major  or  transverse  diameter 
A  B  and  its  minor  or  conjugate  diameter  C  D  being  given. 

Place  A  B  and  C  D  at  right  angles  at  their  centres,  as  shown ; 
describe  circles  on  both  diameters,  and  trisect  two  adjacent  right 
angles  of  the  large  circle,  producing  the  trisecting  lines  to  the  op- 
posite side  of  the  circle,  and  numbering  them  1,  2,  both  on  the  larger 
and  smaller  circles.  Begin  to  number  from  the  major  diameter  in 
all  cases.  Join  points  1,  1,  and  2,  2,  on  the  large  circle,  and  draw 
lines  through  1',  1',  and  2',  2',  on  the  smaller  circle.  Where  the  lines 
drawn  through  similar  figures,  as  1,  1',  intersect,  will  be  points 
through  which  to  draw  the  ellipse. 
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Prob.  92.  —  Second  Method. 

Place  the  two  diameters  A  B  and  C  D  at  right  angles  at  their 
centres,  and  on  them  construct  a  rectangle  ;  divide  the  semi-major 
diameter  A  E  into  any  number  of  equal  parts,  four  for  example,  and 
the  semiside  of  the  rectangle  from  A  into  the  same  number  of  equal 
parts.  Starting  from  A,  number  these  divisions  1,  2,  3,  and  1',  2', 
3'.  Draw  lines  from  D,  one  end  of  the  minor  diameter,  through  1, 
2,  3,  and  from  C,  the  other  end  of  the  minor  diameter,  to  1',  2',  3'; 
where  these  lines  intersect  will  be  points  through  which  to  draw  the 
ellipse.     Repeat  the  process  in  the  other  quarters. 


Prob.  92.—  Tliird  Method. 

This  method  requires  pins  and  a  string.  Place  the  diameters  and 
find  the  foci  as  in  the  last  method  ;  fix  three  pins  at  E,  F,  and  C, 
and  tie  a  piece  of  string  to  E  and  F,  so  that,  when  tightly  strained,  it 
shall  make  two  straight  lines  E  C  and  F  C ;  remove  the  pin  at  C, 
and  with  a  sharp  pencil,  with  the  string  tightly  strained,  make  the 
point  traverse  from  C  through  A,  D,  B,  and  C.  This  will  form  the 
required  ellipse. 


Prob.  93.  —  To  Jind  the  centre  and  axes  of  a  given  ellipse. 

Draw  any  two  parallel  chords,  and  bisect  them ;  draw  a  line 
through  the  points  of  bisection,  terminating  at  each  end  in  the 'cir- 
cumference, as  1  2.  Bisect  this  line  in  A,  and  A  is  the  centre  of 
the  ellipse.  With  centre  A,  and  with  any  radius,  describe  an  arc, 
cutting  the  ellipse  in  three  places,  as  3,  4,  5 ;  draw  lines  3  4,  4  5  ; 
bisect  them,  and  draw  the  bisecting  lines  until  they  terminate  in  the 
circumference  of  the  ellipse  in  B  and  C  and  in  D  and  E.  Then 
B  C  and  D  E  will  be  the  two  diameters  or  axes  required. 
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Prob.  94.  —  To  describe  an  ellipse  about  a  given  rectangle  A  B  C  D. 

Draw  the  rectangle  ABCD.  Draw  the  major  and  minor  axes 
indefinitely.  Assume  the  foci  1  and  2,  equidistant  from  the  centre 
of  the  ellipse.  Place  1  A  and  A  2  in  the  same  straight  line,  and 
bisect  it.  Measure  half  of  the  line  on  either  side  of  O  on  the  line 
through  1  2.  This  will  give  E  F,  or  the  major  diameter.  With  O  E 
radius,  centre  1,  intersect  the  line,  which  is  at  right  angles  to  E  F 
through  0;  in  G  and  H.  Then  G  H  will  be  the  other  diameter  of 
the  ellipse.  To  complete  the  ellipse,  proceed  as  in  Prob.  87  and 
shown  between  E  G. 


Prob.  95. —  To  find  a  mean  proportional  to  two  given  lines  AB 
and  C  D. 

Make  1  2  equal  A  B  and  2  3  equal  C  D  in  the  same  straight  line 
1  3  ;  bisect  1  3  in  point  4  ;  with  centre  4,  radius  4  3,  describe  a  semi- 
circle on  1  3  ;  at  2  erect  a  perpendicular  to  1  3,  intersecting  the 
semicircle  in  E  ;  2  E  is  the  mean  proportional  required. 


Prob.  96. —  To  divide  a  given  line  A  B  into  an  extreme,  and  a 
mean  proportional. 

At  A  erect  a  perpendicular  A  1  equal  to  half  A  B  ;  draw  1  B ; 
with  centre  1,  and  with  radius  1  A,  describe  an  arc  to  cut  1  B  in  2 ; 
with  centre  B,  and  with  radius  B  2,  describe  an  arc  to  cut  A  B  in  C. 
A  C  is  the  extreme  and  B  C  the  mean  proportional  required,  i.e.  A  C 
is  as  much  smaller  proportionally  than  C  B,  as  C  B  is  smaller  thar 
A  B  ;  in  other  words,  A  C  is  to  C  B  as  C  B  is  to  A  B. 


. > 

**^T 

G             —^, 

j&-!~ 

& 

■■/ 

o 

1 

2 

D 

H           —•*' 

C 

Prob.  97.  —  To  find  a  third  proportional  less  to  two  given  lines  A  B 
and  C  D. 

Draw  B  E  perpendicular  to  A  B,  and  equal  to  C  D,  the  shorter 
of  the  given  lines;  draw  A  E;  produce  A  B  indefinitely  beyond  B  ; 
at  E  draw  a  line  perpendicular  to  A  E,  to  cut  A  B  produced  in  F. 
B  F  will  be  the  third  proportional  less. 

Prob.  98.  —  To  find  a  third  proportional  greatei-  to  two  given  lines 
A  B  and  C  D. 

Draw  D  E,  equal  to  the  longer  of  the  two  given  lines,  perpendic- 


ular to  C  D,  the  shorter  line  ;  join  E  C  ;  produce  C  D  beyond  D ; 
at  E  draw  a  line  perpendicular  to  E  C,  to  cut  C  D  produced  in  F. 
D  F  is  the  third  proportional  greater. 

Note.  —  It  will  be  well  for  the  student  to  notice  that  tbeseprob- 
lems  may  be  easily  remembered  by  one  feature.  If  the  third  pro- 
portional required  be  less,  the  shorter  of  the  two  lines  is  to  be  made 
perpendicular  to  the  longer,  as  though  it  were  the  altitude  of  a  right- 
angled  triangle,  and  the  longer  line  the  base.  If  the  third  propor- 
tional required  be  greater,  the  longer  line  must  be  treated  as  the 
altitude  and  the  shorter  as  the  base. 


Prob.  99.  —  To  draw  a  circle  touching  two  given  circles,  A  and  B, 
and  one  of  them  in  a  given  point  C. 

Draw  any  two  circles  A  and  B.  Draw  a  radius  of  the  circle  fromi 
C,  and  produce  it ;  from  A  draw  a  radius  and  produce  it,  parallel 
with  the  radius  from  C ;  draw  C  2,  and  produce  it  until  it  cuts  circle 
A  in  3  ;  from  3  draw  a  radius  to  cut  the  produced  radius  from  C  in  4; 
4  is  the  centre,  and  4  C  the  radius,  of  the  required  circle. 
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Prob.  100.  —  To  find  a  fourth  proportional  less  to  three  given  lines 
A,  B,  and  C. 

When  the  fourth  proportional  is  to  be  less,  draw   1  2  equal  to  B 

and  1  3  equal  to  A  at  any  angle  with  1  2  ;  join  2  3 ;  mark  oft"  1  4 

equal  to  C  on  the  longer  line  1  3,  and  from  4  draw  a  line  4_  5  parallel 

tfeo  2  3,  to  cut  1  2  in  5 ;  then  1  5  will  be  the  fourth  proportional  less. 


Prob.  101. —  To  find  a  fourth  proportional  greater  to  three  given 
lines  A,  B,  and  C. 

When  the  fourth  proportional  is  to  be  greater,  draw  6  7  equal  to 
B  and  G  S  equal  to  A,  at  any  angle  ;  set  off  6  9  equal  to  C  on  line 
G  8,  draw  line  9  7  ;  from  8  draw  a  line  parallel  with  9  7  until  it  cuts 
G  7  produced  in  10;  then  6  10  will  be  the  fourth  proportional 
greater. 


Prob.  102. —  To  bisect  the  angle  formed  by  two  converging  lines, 
when  the  lines  do  not  meet. 

Draw  the  line  1  2  parallel  to  AB;  draw  the  line  3  2  parallel  to 
C  D,  and  at  the  same  distance  from  C  D  that  1  2  is  from  A  B. 
Bisect  the  angle  1  2  3,  and  the  bisecting  line  E  F  will  also  bisect 
the  angle  formed  by  A  B  and  C  D. 


Prob.  103.  —  To  draw  a  line  through  a  point  A,  between  two  lines 
B  C,  D  E,  making  the  same  angle  with  each  line. 

Assume  any  point  1  in  line  D  E  ;  from  it  draw  1  2  parallel  with 
B  C.  Bisect  angle  D  1  2  by  line  1  3.  Draw  through  A  a  line  paral- 
lel to  1  3.     Then  angles  D  F  A  and  B  G  A  will  be  equal. 


Prob.  104. —  To  construct  a  triangle,  its  base  A.  B,  its  altitude  C  D, 
and  one  side  E  F,  being  gioen. 

Draw  a  line  1  2  parallel  with  A  B,  and  at  a  distance  from  A  B 
equal  to  C  D,  the  given  altitude.  From  A  as  centre,  with  E  F,  the 
given  side,  as  radius,  intersect  line  1  2  in  G.  Draw  A  G,  B  G. 
A  B  G  is  the  required  triangle. 


Prob.  105. —  To  draw  a  line  through  a  given  poi?u  E,  lying  either 
between  or  outside  two  given  lines  A  B  and  C  D,  so  that  it  shall  con-    ' 
verge  to  the  vertex  of  the  angle  made  by  the  given  lines. 

Draw  any  line  1  2,  between  E  and  the  vertex  of  the  angle.  Draw 
1  E,  2  E.  Draw  a  second  line  3  4  parallel  to  1  2.  From  2  and  4  I 
draw  lines  parallel  with  1  E  and  2  E,  respectively,  meeting  in  F.  . 
A  line  drawn  through  E  F  is  the  line  required.  When  E  is  outside 0 
the  lines,  draw  E  2,  E  5,  and  2  5.  Draw  G  3  and  C,  4  parallel  with 
E  5  and  5  2.  From  4  draw  4  3  parallel  with  E  2.  Draw  E  F I 
through  point  3.     E  F  is  the  required  line. 


/4 


•  Proposition. —  Triangles  having  the  same,  or  equal  bases,  have  to 
each  other  the  same  ratio  as  their  altitudes,  or,  having  the  same  or  equal 
altitudes,  have  to  each  other  the  same  ratio  as  their  bases. 

Thus  the  triangle  A  B  C  has  only  half  of  the  area  of  A  B  D  and 
one  third  of  A  B  E,  all  being  on  the  same  base  A  B,  and  the  altitude 
of  A  B  C  being  only  one  half  of  A  B  D  and  one  third  of  A  B  E. 

An-ain,  the  triangle  F  I  H  is  twice  as  great  as  E  G  H,  because, 
though  having  the  same  altitude,  it  has  double  the  base ;  F  K  H  is 
twice  and  a  half  E  G  H,  because  F  K,  the  ba£e,  is  twice  and  a  half 
F  G,  the  altitudes  of  each  being  the  same. 


Prob.  10G. —  To  construct  an  oblong  having  four  times  the  area  of  a 
given  triangle  ABC. 

Find  the  altitude  A  D  of  the  triangle.  Make  E  F  equal  to  the 
base  B  C  of  the  triangle  ;  erect  a  perpendicular  E  H  at  E,  of  twice 
the  height  of  the  altitude  A  D,  and  complete  the  oblong  required. 


Prob.  107.  —  To  draw  a  triannle  equal  in  area  to  a  qiven  trapezium 
ABCD.  J  I 

Produce  the  base  A  B  beyond  A,  and  draw  a  diagonal  C  A. 
From  D  draw  a  line  parallel  with  C  A,  to  cut  B  A  produced  in  E ; 
draw  C  E,  and  C  E  B  will  be  equal  in  area  to  the  trapezium  ABCD. 


Area  of  Figures.  —  The  area  of  a  triangle  is  obtained  by  multi- 
plying its  base  by  its  altitude  and  dividing  by  2.  Thus,  suppose 
the  base  of  a  triangle  be  equal  to  4  inches  and  its  altitude  be  equal 
to  3  inches,  then  4  X  8  =  12-^-2  =  6;  the  area  of  the  triangle 
will  be  equal  to  6  inches.  The  area  of  a  parallelogram  is  obtained 
by  multiplying  its  base  and  altitude  together.  Thus,  a  parallelogram 
having  a  base  of  4^  inches  and  an  altitude  of  3  inches,  then  4£  X  3 
=  13^  inches,  which  will  be  the  area  of  the  parallelogram. 


Proposition.  —  Triangles  on  the  same  base,  or  on  equal  bases,  and 
between  the  same  parallels,  are  equal  in  area. 

The  triangles  on  the  base  A  B,  and  between  the  same  parallels 
1  2  and  3  4,  are  equal,  i.e.,  AB  C,  ABD,  ABE,  AB  F,  having 
the  same  base  A  B,  and  being  between  the  same  parallels  and  there- 
fore having  the  same  altitude,  are  equal  to  one  another  in  area. 


Proposition.  —  Parallelograms  on  the  same  base,  or  on  equal  bases'' 
and  between  the  same  parallels,  are  equal  in  area. 

Thus  the  parallelograms  AB  C  D,  A  B  CE,  ABEF,  beino-' 
between  the  same  parallels  1  2,  3  4,  and  on  the  same  base  AB  are! 
equal  in  area. 

Proposition.  —  A  triangle  on  the  same  base  and  between  the  samel 
parallels    as  a  parallelogram  is  equal  to  half  its  area. 

Thus,  the  triangle  ABC  equals  half  the  area  of  a  parallelo^am 
A  B  C  D. 

Note.  — The  expression  between  the  same  parallels  is  equivalent 
to  saying  having  the  same  altitude. 
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ncreasing  demand  for  Art  Education,  and  its  general  adoption 
inch  of  common-school  instruction  by  the  Legislature  of  Massa- 
;,  has  rendered  it  necessary  that  a  supply  of  proper  models  with 
;o  convey  this  instruction  should  be  produced.  The  managers 
iVorcester  Technical  School,  having  all  the  facilities  tor  pro- 
such  works,  and  anxious  to  aid  the  cause  of  Artistic  and  Scien- 
lucation,  have  obtained  designs  for  a  complete  set  of  models, 
sof.  Walter  Smith,  Director  of  Art  Education  for  the  State 
sachusetts,  whose  position  will  be  a  sufficient  guaranty  of  their 
and  arrangement. 

models  are  made  from  the  best  materials,  in  a  perfect  and  work- 
;  manner;  and  by  reason  of  extensive  machinery  specially  fitted 
his  work,  the  models  are  produced  with  accuracy,  at  a  much  less 
lan  would  be  possible  otherwise.  Each  model  being  made  to 
ons,  these  sets  are  equally  suited  to  all  kinds  of  Free-Hand, 
lental,  and  Perspective  Drawing. 

Set  No.  1 


Cons;  3  of  thirty  pieces,  selected  from  the  most  useful  and  beau- 
•  il  geometrical  figures  and  curved  forms,  and  includes  the 
w  Adjustable  Model-Stand.     Price,  with  box        .        $20 

Set  No.  2 

Cons  s  of  ten  wooden  vases,  duplicated  from  the  Greek  originals. 

ce,  with  box  ......        $10 

Set  No.  3 

Com  s  of  four  large  models  for  lectures  and  instructions  to  classes :  — 
Cube,  fifteen  inches  side. 

Cone,  with  base  twelve  inches,  altitude  eighteen  inches. 
Cylinder,  base  twelve  inches,  altitude  eighteen  inches. 
Hexagonal  Prism,  base  twelve  inches,  length  twenty-four 

inches, 
ice,  with  box  ...  .  .        $15 

Set  No.  4 

Is  iij  nded  for  Primary  Schools,  and   consists  of  twelve  pieces, 

lich  comprise  the  common  geometrical  figures.  Price,  with  box  $10 

The  above  prices  are  all  net  prices. 

MeE  s.  James  E.  Osgood  &  Co.,  the  Publishers  of  these  Books, 
a*1  the  Sole  Agents  for  these  Models. 


NAMES   OF  GEOMETRIC   SOLIDS. 

The  names  of  the  geometric  solids  comprised  in  the  American  Draw- 
ing-Models, and  which  are  most  commonly  used  in  teaching  Model 
Drawing,  are  here  given,  together  with  illustrations  of  the  forms  them- 
selves :  — 
Planes. — No.  1,  Circular;  2,  Triangular;  3,  Square;  4,  Hexagonal 

Planes. 
PHnths.  —  No.  5,  Circular  Disk  ;   6,  Triangular  Plinth ;   7,  Square 

Plinth;  8,  Hexagonal  Plinth. 
Prisms.— No.  9,  Cylinder;  10,  Triangular  Prism ;   11,  Rectangular 

Prism,  or  Oblong  Block  (Parallelopipedon) ;  12,  Hexagonal  Prism. 
Pyramids.  —  No.  13,  Cone;    14,  Triangular    Pyramid;    15,  Rect- 
angular or  Right  Pyramid  ;  16,  Hexagonal  Pyramid. 
Other  Solids. —  No.   17,    Sphere;    18,  Frustrum  of  a  Cone;    19, 

Cube  ;  20,  Flight  of  four  Steps. 
Frames. —No.  21,   Circular  Frame;    22,  Triangular  Frame;   23, 

Square  Frame  ;  24,  Hexagonal  Frame. 
Various  Solids. —  No.  25,  Cross ;  26,  Double  Cross;  27,  Skeleton 

Cube  ;  28,  Skeleton  Rectangular  Block. 

DEFINITIONS. 

Planes.  —  A  plane  has  length  and  breadth,  but  no  thickness. 

The  first  word  describes  the  character  of  the  plane ;  thus,  a  circular 
plane,  or  a  hexagonal  plane.  Unless  otherwise  stated,  the  names 
hexagonal,  triangular,  &c.,  refer  to  regular  forms ;  i.e.,  to  hexa- 
gons,  triangles,  &c,  having  equal  sides  and  angles. 

PHnths.  —  A  plinth  is  a  cross-section  of  a  prism. 

If  the  length  of  the  axis  of  a  prism  be  shorter  than  its  diameter,  it  is 
commonly,  by  draughtsmen,  described  as  a  plinth.  It  is  simply  a 
slice  cut  from  the  end  of  a  prism. 

Prisms.  —  A  prism  is  a  geometrical  solid  having  two  faces  (ends)  or 
bases  which  are  equal  and  parallel,  and  whose  sides  are  parallelo- 
grams. 
It  is  a  right  prism  when  the  bases  and  sides  are  perpendicular  to  each 
other,  and  an  oblique  prism  when  the  planes  of  the  base  and  sides 
are  not  right  angles.  A  line  from  centre  to  centre  of  each  base  is 
called  the  axis  of  the  prism. 

Pyramids.  —  A  pyramid  is  a  geometrical  solid  having  a  regular 
polygon,  square,  or  triangle  as  its  base,  and  its  sides  composed  of 
triangles  having  a  common  vertex.  A  right  pyramid  has  its  axis 
and  base  perpendicular  to  each  other. 

A  Sphere  is  a  solid  bounded  by  a  curved  surface,  every  point  in 
which  is  equally  distant  from  a  point  within  it,  called  the  centre. 
It  is  described  by  the  revolution  of  a  semi-circle  on  the  diameter. 

A  Frustum  of  a  Cone  is  that  part  of  the  solid  which  is  cut  off 
by  a  plane  parallel  to  the  base. 

A  Cube  is  a  rectangular  parallelopipedon,  whose  six  faces  are  all 
square  planes. 

A  Flight  of  Steps  (not  a  geometric  solid)  is  composed  of  two  planes, 
vertical  and  horizontal ;  the  first  being  called  the  riser,  and  the  sec- 
ond the  tread. 

Frames.  —  A  Frame,  unless  otherwise  specified,  is  a  regular  geome- 
tric shape  composed  of  prisms,  square  in  the  section  perpendicular 
to  their  axes. 
The  Circular  Frame  is  an  exception  to  this,  though  a  section  made  by 
a  radius  of  its  base  will  be  square  also. 

Various  Solids. 

A  Cross  is  the  intersection  of  two  or  more  similar  prisms. 

A  Double  Cross  is  the  junction  of  two  crosses  having  a  common 

vertical  stem. 
A  Skeleton  Cube  is  composed  of  right  prisms,  square  in  section,  and 

made  into  the  form  of  a  cube. 
A  Skeleton  Rectangular  Block  is  composed  of  right  prisms,  square 
in  section,  made  into  the  form  of  a  parallelopipedon. 


Area  of  Figures.  —  The  area  of  a  triangle  is  obtained  by  multi- 
plying its  base  by  its  altitude  and  dividing  by  2.  Thus,  suppose 
the  base  of  a  triangle  be  equal  to  4  inches  and  its  altitude  be  equal 
to  3  inches,  then  4  X  3  =  12-^-2  =  6;  the  area  of  the  triangle 
will  be  equal  to  6  inches.  The  area  of  a  parallelogram  is  obtained 
by  multiplying  its  base  and  altitude  together.  Thus,  a  parallelogram 
having  a  base  of  4*  inches  and  an  altitude  of  3  inches,  then  4i-  X  3 
=  13^  inches,  which  will  be  the  area  of  the  parallelogram. 


Proposition.  —  Triangles  on  the  same  base,  or  on  equal  bases,  and 
between  the  same  parallels,  are  equal  in  area. 

The  triangles  on  the  base  A  B,  and  between  the  same  parallels 
1  2  and  3  4,  are  equal,  i.e,ABC,  ABD,  ABE.AB  F,  having 
the  same  base  A  B,  and  being  between  the  same  parallels  and  there- 
lore  having  the  same  altitude,  are  equal  to  one  another  in  area. 


Proposition.  —  Parallelograms  on  the  same  base,  or  on  equal  bat 
and  between  the  same  parallels,  are  equal  in  area. 

Thus  the  parallelograms  A  B  CD,AB  C  E,  A  B  E  F,  bei 
between  the  same  parallels  1  2,  3  4,  and  on  the  same  base  A  B,  ; 
equal  in  area. 

Proposition.  —  A  triangle  on  the  same  base  and  between  the  sa, 
parallels   as  a  parallelogram  is  equal  to  half  its  area. 

Thus,  the  triangle  ABC  equals  half  the  area  of  a  parallelo"!? 
ABCD. 

Note.  —  The  expression  between  the  same  parallels  is  equivale 
to  saying  having  the  same  altitude. 
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FOR  THE   BSE   OF 


Common  Schools,  Drawing  Classes,  and  Schools  of  Art  and 
Science. 

Manufactured  at  the  Washburn  Machine-Shop,  connected  with  the  Free 
Institute  of  Industrial  Science,  Worcester,  Mass., 

FKOM  DESIGNS  BT 

PROF.   WALTER    SMIT.H, 

STATE  DTRECTOR  OF  ART  EDUCATION  FOR  MASSACHUSETTS. 


The  increasing  demand  for  Art  Education,  and  its  general  adoption 
as  a  branch  of  common-school  instruction  by  the  Legislature  of  Massa- 
chusetts, has  rendered  it  necessary  that  a  supply  of  proper  models  with 
which  to  convey  this  instruction  should  be  produced.  The  managers 
of  the  Worcester  Technical  School,  having  all  the  facilities  for  pro- 
ducing such  works,  and  anxious  to  aid  the  cause  of  Artistic  and  Scien- 
tific Education,  have  obtained  designs  for  a  complete  set  of  models, 
from  Prof.  Walter  Sjiith,  Director  of  Art  Education  for  the  State 
of  Massachusetts,  whose  position  will  be  a  sufficient  guaranty  of  their 
quality  and  arrangement. 

The  models  are  made  from  the  best  materials,  in  a  perfect  and  work- 
manlike manner  ;  and  by  reason  of  extensive  machinery  specially  fitted 
up  for  this  work,  the  models  are  produced  with  accuracy,  at  a  much  less 
price  than  would  be  possible  otherwise.  Each  model  being  made  to 
dimensions,  these  sets  are  equally  suited  to  all  kinds  of  Eree-Hand, 
Instrumental,  and  Perspective  Drawing. 

Set  No.  1 

Consists  of  thirty  pieces,  selected  from  the  most  useful  and  beau- 
tiful geometrical  figures  and  curved  forms,  and  includes  the 
New  Adjustable  Model-Stand.     Price,  with  box        .         $20 

Set  No.  2 

Consists  of  ten  wooden  vases,  duplicated  from  the  Greek  originals. 

Price,  with  box  ......        $10 

Set  No.  3 

Consists  of  four  large  models  for  lectures  and  instructions  to  classes :  — 

1.  Cube,  fifteen  inches  side. 

2.  Cone,  with  base  twelve  inches,  altitude  eighteen  inches. 

3.  Cylinder,  base  twelve  inches,  altitude  eighteen  inches. 

4.  Hexagonal  Prism,  base  twelve  inches,  length  twenty-fonr 

inches. 
Price,  with  box  ...  $15 

Set  No.  4 

Is  intended  for  Primary  Schools,  and  consists  of  twelve  pieces, 

which  comprise  the  common  geometrical  figures.  Price,  with  box  $10 

TJie  above  prices  are  all  net  prices. 

MesBrs.  James  B.  Osgood  &  Co.,  the  Publishers  of  these  Books, 
are  the  Sole  Agents  for  these  Models. 


GEOMETRIC  SOLIDS. 


NAMES  OE  GEOMETRIC   SOLIDS. 

The  names  of  the  geometric  solids  comprised  in  the  American  Draw- 
ing-Models, and  which  are  most  commonly  used  in  teaching  Model 
Drawing,  are  here  given,  together  with  illustrations  of  the  forms  them- 
selves :  — 
Planes.  —  No.  1,  Circular;  2,  Triangular;  3,  Square;  4,  Hexagonal 

Planes. 
Plinths.  —  No.  5,  Circular  Disk ;   6,  Triangular  Plinth ;   7,  Square 

Plinth;  8,  Hexagonal  Plinth. 
Prisms. —No.  9,  Cylinder;  10,  Triangular  Prism;    11,  Rectangular 

Prism,  or  Oblong  Block  (Parallelopipedon) ;  12,  Hexagonal  Prism. 
Pyramids.  —  No.  13,  Cone;   14,  Triangular    Pyramid;    15,  Rect- 
angular or  Right  Pyramid  ;  16,  Hexagonal  Pyramid. 
Other  Solids.  — No.   17,    Sphere;    18,  Frustrum  of  a  Cone;    19, 

Cube  ;  20,  Flight  of  four  Steps. 
Frames. — No.  21,   Circular  Frame;    22,  Triangular  Frame;   23, 

Square  Frame  ;  24,  Hexagonal  Frame. 
Various  Solids. — No.  25,  Cross;  26,  Double  Cross;  27,  Skeleton 

Cube ;  23,  Skeleton  Rectangular  Block. 

DEFINITIONS. 

Planes.  —  A  plane  has  length  and  breadth,  but  no  thickness. 

The  first  word  describes  the  character  of  the  plane;  thus,  a  circular 
plane,  or  a  hexagonal  plane.  Unless  otherwise  stated,  the  names 
hexagonal,  triangular,  &c.,  refer  to  regular  forms ;  i.e.,  to  hexa- 
gons,  triangles,  &c.,  having  equal  sides  and  angles. 

Plinths.  — A  plinth  is  a  cross-section  of  a  prism. 

If  the  length  of  the  axis  of  a  prism  be  shorter  than  its  diameter,  it  is 
commonly,  by  draughtsmen,  described  as  a  plinth.  It  is  simply  a 
slice  cut  from  the  end  of  a  prism. 

Prisms.  —  A  prism  is  a  geometrical  solid  having  two  faces  (ends)  or 
bases  which  are  equal  and  parallel,  and  whose  sides  are  parallelo- 
grams. 
It  is  a  right  prism  when  the  bases  and  sides  are  perpendicular  to  each 
other,  and  an  oblique  prism  when  the  planes  of  the  base  and  sides 
are  not  right  angles.  A  line  from  centre  to  centre  of  each  base  is 
called  the  axis  of  the  prism. 

Pyramids. — A  pyramid  is  a  geometrical  solid  having  a  regular 
polygon,  square,  or  triangle  as  its  base,  and  its  sides  composed  of 
triangles  having  a  common  vertex.  A  right  pyramid  has  its  axis 
and  base  perpendicular  to  each  other. 

A  Sphere  is  a  solid  bounded  by  a  curved  surface,  every  point  in 
which  is  equally  distant  from  a  point  within  it,  called  the  centre. 
It  is  described  by  the  revolution  of  a  semi-circle  on  the  diameter. 

A  Frustum  of  a  Cone  is  that  part  of  the  solid  which  is  cut  off 
by  a  plane  parallel  to  the  base. 

A  Cube  is  a  rectangular  parallelopipedon,  whose  six  faces  are  all 
square  planes. 

A  Flight  of  Steps  (not  a  geometric  solid)  is  composed  of  two  planes, 
vertical  and  horizontal ;  the  first  being  called  the  riser,  and.  the  sec- 
ond the  tread. 

Frames.  —  A  Frame,  unless  otherwise  specified,  is  a  regular  geome- 
tric shape  composed  of  prisms,  square  in  the  section  perpendicular 
to  their  axes. 
The  Circular  Frame  is  an  exception  to  this,  though  a  section  made  by 
a  radius  of  its  base  will  be  square  also. 

Various  Solids. 
A  Cross  is  the  intersection  of  two  or  more  similar  prisms. 
A  Double  Cross  is  the  junction  of  two  crosses  having  a  common 

vertical  stem. 
A  Skeleton  Cube  is  composed  of  right  prisms,  square  in  section,  and 

made  into  the  form  of  a  cube. 
A  Skeleton  Rectangular  Block  is  composed  of  right  prisms,  square 
in  section,  made  into  the  form  of  a  parallelopipedon. 


THE 


AMERICAN  TEXT-BOOKS  OF  ART  EDUCATION, 


PREPARED    BT 


PROF.    WALTER    SMITH, 


Late  Head  Master  of  the  Leeds  (England)  School  of  Art  and  Science  and  Training  School  for  Art  Teachers ;  and  now  Professor  of  Art  Education  in  the  City  of  Boston 
Normal  Art  School ;  General  Supervisor  of  Drawing  in  the  Boston  Public  Schools,  and  State  Director  of  Art  Education 

for  the  Commonwealth  of  Massachusetts. 


This  Series  of  text-books  will  be  completed  during  the  present  year,  and  will  form  a  complete  and 
systematic  course  of  instruction  in  Drawing.  The  whole  series  has  been  prepared  with  special  refer- 
ence to  the  want,  now  so  generally  felt  by  all  educators,  for  some  practical  text-books  on  the  subject  of 
Art  Education,  which  should  embody  principles  and  methods  of  teaching  Drawing  as  a  comprehensive 
and  important  branch  of  study,  and  at  the  same  time  be  adapted  to  use  in  common  schools. 

The  plan  of  the  books  is  the  first  systematic  efFort  made  in  this  country  to  cover  the  whole  field  of 
Art  Education  for  schools,  by  embracing  every  subject  included  under  the  head  of  Elementary 
Drawing.  Pupils  going  through  the  course  in  all  the  subjects  will  be  thoroughly  grounded,  and  pre- 
pared either  for  practical  industrial  art  or  the  further  professional  study  of  the  fine  arts. 

The  series  of  books  are  also  specially  adapted  for  pupils  in  the  Free  Industrial  Evening  Classes, 
providing  copies,  drawing  paper,  and  instruction  in  the  most  convenient  form.  The  provision  of  the 
books  is  the  most  economical  way  in  which  school  committees  can  offer  industrial  art  education  to 
students  of  Evening  Classes. 

The  complete  series  includes  text-books  on  the  following  subjects,  and  arranged  on  the  general  plan 
of  the  Free-Hand  Books :  — 

Free-Hand  Oxrfcline  Drawing. 

Model  and  Object  Drawing. 

3?lane    Geometrical   Drawing. 

^Perspective   Drawing. 

HVEechanical   Projection  and   Drawing. 

Hie  text-books  of  Free-Hand  Drawing  are  intended  to  be  used  simultaneously  with  those  in 


Geometrical  Drawing,  the  lessons  in  the  latter  subject  alternating  with  .Free-Hand  lessons   as 
described  on  page  2  of  this  cover. 

The  two  subjects  of  Free-Hand  and  Geometrical  Drawing  have  the  same  kind  of  relation- 
ship to  each  other  as  the  two  subsequent  subjects,  those  on  (1)  Model  and  Object  Drawing,  and 
(2)  Perspective  Drawing,  the  two  latter  being  the  next  subjects  taken  in  the  course  of  study. 

Free-Hand  and  Geometrical  Drawing  practised  together  have  the  most  important  and  valu- 
able influence  upon  each  other,  and  neither  can  be  satisfactorily  pursued  unless  illustrated  by  the 
knowledge  and  power  given  by  the  other. 

Of  Model  and  Object  Drawing  and  Perspective  Drawing  the  same  may  be  said,  though 
it  is  possible  to  teach  drawing  from  objects  without  the  pupil's  having  a  profound  knowledge  of  per- 
spective ;  yet  every  object  which  is  drawn  scientifically  in  perspective  will  make  the  representation 
of  a  similar  object  by  model  drawing  a  comparatively  simple  matter  ever  afterwards  to  the  pupil. 

The  fifth  book.  Mechanical  Projection  and  Drawing,  gives  the  principles  of  drawing  plans 
and  elevations,  by  which  architects,  engineers,  and  mechanical  draughtsmen  represent  their  works. 
It  follows  the  study  of  Geometrical  and  Perspective  Drawing,  and  becomes  a  practical  intro- 
duction either  to  the  drawing-office  or  the  workshop,  while  pupils  of  day  schools  will  be  prepared 
by  its  course  of  exercises  for  admission  into  technical  schools  or  professional  study. 

For  each  subject  a  Teacher's  Manual  will  be  prepared  for  the  special  use  of  teachers,  giving  all  the 
exercises  contained  in  the  Drawing  Books,  as  well  as  many  others  beside-  The  object  of  the  Manual 
is  to  furnish  the  teachers  not  only  with  full  explanations  of  the  Drawing  Books,  but  also  to  give  them 
valuable  and  practical  suggestions  as  to  the  best  faiethod  of  illustrating  and  teaching  the  principles  of 
Drawing. 

The  author  has  prepared  a  manual  for  the  use  of  primary  teachers,  containing  full  and  explicit  direc- 
tions how  to  teach  drawing  to  young  children,  and  also  what  to  teach.  The  manual  is  accompanied 
by  a  progressive  course  of  card  exercises  for  slate  drawing,  adapted  to  the  capacities  of  young  pupils. 
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